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BIGHT HONOURABLE AND RIGHT REVEREND 
CHARLES JAMES, 

LORD BISHOP OF LONDON. 



1 owe it to you that 1 was se.ected for the 
task attempted in the folbwinff pag^, a distinction 
which I feel to be honourable; and on this account 
alone I should have a peculiar pleasure in dedica- 
ting the work to your lordship. 1 do bo witli ad- 
ditional gratifination on another account : the 
Treatise tas been written within the walls of the 
College of which your lordship was formerly a 
resident member, and lie merits, if it have any, are 
mainly due to the spirit and habits of the place. 
The society is always pleased and proud to recollect 
that a person of the eminent talents and high 
character of your lordship is one of its members ; 
and I am persuaded that any effort in the cause ot 
lettera and relig'iQn coming from that quarter, will 
have for you an interest beyond what it would 
otherwise poesesa 

The subject proposed to me was limited : my pre- 
scribed object is to lead the friends of religion to 
look witJi confidence and pleasure on the progress 
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of the phjMcd Eciences, by showing how cdmiraolj 
every advance in our Itnowledge of the UBivers* 
harmonizes with the belief of a most wise and gooa 
God. To do this efFectuaiiv, may be, I truet, a use(ui 
labour. Yet, I feel most deeply, what 1 would take 
this occflsion to express, thiit this, and alt that the 
speculator concerning Natural Theology can do, is 
utterly insufficient for the great ends of Religion ; 
namely, for the purpose of reforming men's lives, 
of purifying and elevating their characters, of pre- 
paring them for. a more exalted state of being. It 
is the need of something fitted to do this, which 
gives to religion its vast and incomparable impor- 
tance; and this can, I well know, be achieved 
only by that Revealed Religion of which we are 
minislerB, but on which the plan of the present 
work did not allow me to dwell. 

That divine Providence may orosper the labours 

of your lordship, and off all WHO are joined witli you 

in the task of maintaining and promoting this 

Religion, is, my lord, the earnest wish and prayer ol 

Your very faithful 

And much obliged servant, 

William Whbweu- 

Trinity College, Cambridge, 
Feb. 25, 1833 
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ASTRONOMY 
GENERAL PHYSICS. 

INTRODUCTION. 

CHAPTER L 

Object of the Present Treatise. 

The examination of tlie material world bncgB before ua 
a numlier of things and relaiiona ot Ihiraja wliioh suggest 
lo moal minds th« belief ot a creating and presiditig InteJli- 
gence. And Ihis imprea^on, which arises with the most 
vague and auperficia! conBidemtion ot the objects by 
which we are surrounded, is, we conceive, confirined and 
eitpajided by a more enact and profoand atudy of external 
nature. Many worlra have been written at different times 
with tba view of showing how our knowledge ot tha e!a- 
menls and their operation, of plants and aninmis and their 
construction, may serve to nourish and unfold our idea of 
a Creator and Oovernor of the world. But though This is 
the ease, a new wotlt on the same subject may still have 
its use. Our views ot the Creator and Governor of the 
world, as collected from or combined with our views of 
the world itself undergo modidcatians, as we are led by 
new discoveries, new generalizations, W regard nature in 
a new light. The conceptions ctmcerning the Deity, his 
mode of effecting his purposes, the scheme of his govern- 
ment, which are suggested by one stage of our knowledge 
of natural objects and operations, may become manifestly 
imperfect or incongruous, if adhered to and applied at a 
later period, wtien .oil acquaintance with the immedialo 
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CEiuees of natuml events has been grsEitly extended. Oa 
this account il may be interesting, ituer such an iuivani:& 
W show how the views of the oroation, ptoaervation, and 
government of the univerBe, which natiiral science opens 
10 us, harmonize with our belief in a. Creator, Governor, 
and Preserver of the world. To do this with respect to 
certain departments of Natural Philosophy is the object of 
the ibilowmg pages ) and the author will deem himself {at- 
lunate, if ho succeeds in removing any of the difficulties 
end obscurities which prevail in itien's minds from the 
warn of a clear mutual understanding between the religious 
and the scientific speculator. It is neadiess here to remark 
the neeesaarily impertect and acanlv churacler of HaturaJ 
Religion! for most persons will allow that, however im- 
perfeoi, may be the knowledge of a Supreme Intelllgenco 
which we gather from the contemplation of the natural 
world, it is still of most essential use and value. And our 

¥irpase on this occasion is, not to show that Natural 
heology is a perfect and satiaiactory scheme, but to bring 
up our Natural Theology to the point of view in which 
it may be contemplateifby the aid of our Natural Phi- 

Now the peculiar point of view which at present belongs 
to Natural Philosophy, and eBpeoially to the departmenia 
of it which have been most BUOceBsfuliy cultivated, is, that 
nature, so far as it is an object of scientific reseaich, is a 
oolleotioo of facts governed by laws i our knowledge of 
nature it our knowledge of laws ; of laws of operation and 
connexion, of kivjs of succession and co-aniatanee, among 
the various elenianta and appearances around us. And it 
must therefore here be our aim to show how this view of 
the universB lalla in with our exception of the Divine 
Author, by whom we hold the universe to he made and 

I, and years, is produced 
by the motions of the earth { and these again are governed 
by the attraction of the sun, a force which acts with unde- 
v:ating Bteadmeas and regularity. The changes of wuids 
niiJ ektes, seemingly so caivicioue and easua], are produced 
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s of the sun and moon, no philosophical 

...UtlouM" ■■■ ' ' ■■ -- ' ■ - 

which It 

Knd not I]e:B.uBa the action of malericd causes leaves auj- 
thing 10 chance in Ihe result. And again, though the vital 
mOTementB which go on in the frame of vegetables and 
snimaJa depend on agenciea Btill lesB known, and probably 
Btill mote complex, Ihun Ihoss which rule the weather, 
SBfli of the powerfi on which such Tuovements depend has 
its peculiar laws of action, and these are ae univerEal and 
as invariable as the Jaw by whicn a alune falls to the eanh 
when not aupporled. 

The world then is governed by general laws ; and in 
order to collect from ^eWorld itself a judgment concern- 
ing the nature and character of its govemmem, we must 
coDBider the import and tendency of such laws, so iar as 
Ihey come under our knowledge. Jf there be, in the ad- 
ministralion of the universe, intelligence a.nd l^uevolence, 
BuperinlendencB and foresight, grounds for love and hope, 
such qualities may he expected to appear ui the c ■■--■■— 



if a man were, by some eiaraordinary event, to find 
himself in a remote and unknown country, so entirely 
strange to him thai he did not know whether there existed 
in it any law or government at all ; he might in no long 
time aecertain whether Uie inhabitants vere controlled by 
any BUperintending- authority ; and with a little attention 
he might determine also whether such authority were ex- 
ercised with a prudent care foe the happiness and well- 
being of its subjects, or without any regard and HtnesB to 
auch ends ; whether the country were governed by laws 
at all, and whether the laws were good. And according 
to the laws which he thus found prevailing, he would 
judge ot the sagacity, and the purpoaes of the legialativa 

By observing the laws oF the material iiiiivetBe and their 
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10 

toleration, we may hope, in a, somewhat aimilar m^ner, la 
be able to direct our judgment concarning the soveramEnC 
of the universe: concemingtlie mode in which JfieeleinentB 
are regulated and oomrolfed, their effects combined and 
balttni»d. And the general lendenoy of the resullB ihits 
produced may discover to us something of the character of 
ihepower which has legislated for the material world. 

We are not to push too for the analogy thus suggested. 
There is undoubtedly a wide diflerence between the. cir. 
curoitances of man legislating for man, ajid God lei 
for matter. Still we shall, it will appear, find i 
reason to admire the wisdom and the goodnees which hav 
established the Laws of NntUTe, however rigoroualy w 
may ecrutinize the import of this expression. 



CHAPTEE 11. 

On Lains of Nature. 

Wheh we spealt of material nature as being governed 
by taas, it is aufiieiently evident that we use tile term in a 
maimer somewhat metaphorical. The laws to which men's 
attention ia primarily directed are moraj laws ; rules laid 
down for his actions ; rules for the conscious actions of a 
person ; rulea which as a matter of possibility, he may obey 



h things 31 

iorwiliofll 

mode in which things cloac. , .. .^ ^ ---, - . 

their transgreasion is not punished, it is eitcluded. The 
language of a moral law is, man shaU not kill ; the lan- 
guage of a law of Nature is, a stone viSi fall to the earth. 
These two kinda of laws direct the setions of persons 
and of Ihiugf, by the sort of control of which persons end 
Uimga are respectively suaeeptihle i so that the metaphor, 
is very simple ; but it is proper fcr us lo recollect that it il 
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a melaphor, in order Itiat we may clearly apprehend whiLt 
IS implied in epealtiiig of Ihe Laws of Nature. 
in thiB phrase are included all properties of the portions 



se thetefbre is but iVio poI- 
leclive result of suoh lawai its movementB are only the 
Bggregatfl of their working, All nr" — ' '" "" 

ganicworlAai ._ 

and the acUona of the forces of which the rulee arc i 
prescHhed. 

The relations and rulea by which these occurrences 
thus determined neoessnrily depend on meaenrea of time 



Ijy the ancieuta, '*worka by geornatry i** the legislatioQ of 
Ihe material universe ia neoeaaarily deliwered in the laii- 
guEiKo of mathematics ; the Blare in their courses are 
regmeted by the properiies of conio sections, and Ihe wiiida 
depend on arithiaetioal and geometriisal progressions of 
elasiioity and preaaure. 

The conatitution of the univerae, ea far as it can be 
clearly apprehended hy our intellect, thus assumea a shape 
involving an aasemblage of malh^nmtical propositions : 
certain algebraical fi^rmuls, and th« knowledge when and 
how lo apply them, constitute the laat ulep of the physical 
seleoCB lo whieh we can auojn. The labour and the 
endowmenla of ages have been employed in bringing such 
eci'ence into the condition in which it now exists ; and an 
esHct and extensive discipline in mathematics, followed by 
a pi'aclieal and profound study of the reaearches otnaluc^ 
philmophers, can alone put any one in possession of the 
knowledge concerning toe eourss -' "■"" — -*----^ •' 

however, which arises f«>m the v 
univerae, the results which we collect 
Boraliny of its administration, may, \ 
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It wBl h! our buainess to ahow that the lawfl which 
really prevail in nature ate, by their_/i(nn, that is, by the 
nature of the connesion -which they eetabliah omong iha 
auBntitiaB and properiicB vfhich thajr regulate, remarliably 
adapted to the office which is aasignea them ; and ihuE 
offer evidence of aelection, deaign, and goodness, in the 
.power by which they were eetabliahed. but theae charac- 
lera of the legislation of the uniTeree may aiso be seen, in 
many inBtancea, in a matmec aomewhat different fron. the 
aelection of the law. Thanofuraqf (fte conneatonremain- 
ing the same, Uie quaotitiea which it regulalee may also in 
their magTu'hjrfe near marks of aeleelion and purpoae. 
For the law may be the eame while the quanlitieslo which 
it applies ara different. The law of the gravity which acts 
to the earth and to Jupiter, is the sainei but the intensity 
of the force at the Gurfacea of the two planets is dlS'ereni. 
The law which cegulales the density of iha ak al any point, 
with reference to Sie height from the earth's surface, would 
be (he same, if the atmosphere were ten tintee aa large, or 
only one-tenth as large as it is; if the barometer at the 
earth's surface stood at three inches only, or if it showed a 
pressure of thirty feet of mercury. 

Now this being understood, the adaptation of a law to its 

either in the form of the law, or in the amount of the mag- 
niuides which it regulates, which are aometimes called 
arbiiTary magnitudes. 

If the attraction of the sun upon the planets did not vary 
invaraSly as the square of the dlatance, the firm of the law 
of gravitation would bo changed ; if this attraction were, 
at the earth's orbii, of a different mifue from its present one, 
the arbilrary mBgnilude would te changed i and it will 
appear, in a subsequent part of (his work, that either 
change would, so &r as we can trace its conaequencea, lie 
detiimental. The form of the law determines in what 
manner the fecta shEdl tf^e place j the arbitrary magnitude 



model, the other 



w far, how soon j the one gives 
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CHAPTER III 

MuttuU Adaptation in the Lams of Nature. 

To Racertun busIi laws of nature ae we hawi b;en 
dsBcrilimgi.ia Ihe peeuliHr busineBa of science. Il is only 
with re^rd to a \ay Bmall portion of the Bpi>eBrancea of 
tha uniyerse, that aeienceT iu any strict apphcation ot the 
loimc exists. In very few departmenta or reeearoh have 

whicll appear to be the ultimate material cauaea, or to dis- 
cern the laws which seem lo be the most general laws, 
yet, in one or two instances, they have done this, or eoire- 
thing approaching to this; ana most especially in the 
mstance of that part of nature, which it is the object of this 

The api»irent motions of the sun, moon, and stars have 
been more completely reduced to their causes and taws than 
any other cIbeb of phenomena. Aatronomy, the science 
which treats of thes^ is already a wonderful example o( 
the degree of such Knowledge which man may attain. 
The forms of its most important laws may be conceived to 
be certainly known; and hundreds of obaervera in all parts 
of ttie world are daily employed in determining, with aridj 
tional accuracy, the arbitrary rnagnitudea which these lawa 

The mquiriea in which the mutual effects of heat, mois' 
ture, air, and the like elementa are treated of, inoluiling. 



, , -edgegoea aatronomy and 

ileorology are parts of natural pnilosophy in which wc 
may stud; the order of nature with such views aa we have 
suggested; in which we may hope to make out the adspla- 

to obtain some light on the tendency of this part of tho 
legislation of the universe, and on the character an4 iixii 
position of the Legislator. 
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Tha number and variety of the laws which we iiiicl 
estabhslied in the unisetse is ag great, that it wouid ba idle 
to endeavour to enumatate them. In their operation tiiey 
ate combined wid intermixed in incsloulnble and endless 
jwrplexity, influencing and modifying each ol.hers'a eiiectB 
m eveiy direction, u ws attem^ to compreliend at Once 
the vrhole of this complex system, we find ourselves uuerly 
balBed and overwhelmed by its extent and "multiplieity, 
Y'el, in so far as we consider the bearing of one part upon 
another, we reoeive aji impression (tf adaptation, of mutual 
fitness, of conspiring ipeans, of preparation and completion, 
of purpose and provision. This impresaion ia suggested by 
the oontsmplation of every part of nature j but the grounds 

conveyed in a few words. It can onlv be fully educed by 
leading the reader through several views and details, and 
must grow out of the combined influence of these on a sober 
and reflecting frame of mind. However strong and solemn 
be the conviction which may be derived from a contempla- 
tion, of nature, oonoeminffmB existenee, the power, the wis- 
dom, the goodness of our Divine Qovenior, wo cannot eapect 
that this conviction, as resulting; from the extremely compleit 
spectacle of tha material world, should be capable of being 
irresistibly conveyed by a few steps of reasoning, like the 
conclusion of a geornelrical proposition, or the result of an 
arithmetical calculation. 

We shall, therefore, endeavour to point out eases and 
oircurnstincea in which the different parts of the universe 
exhibit this mutual adaptation, ajid thus to bring iiefbre the 
mind of tha reader the evidence of wisdom and providence, 
which the eiteroal world alibrdB. Whanwa have illustra- 
ted tile correspandencies which exist in every province of 
nature, between the qualities of brute matter and the con- 
stitution of living things, between the tendency to derange- 
ment and the conservative influences by which such a 
tendency is counteracted, belweeti the ofiioe of the minutest 
speck and of the moat general laws ; it will we trtisl, be 
difficidt or impossible to exclude from our conception of 
this wonderful system, the idea of a harmonizing, a 

Kiservir^, a contriving, an inlendii^ Mind i of a Wisdom, 
wer, and Goodness far exceeding the limits of our 
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CHAPTER IV. 

DivMin of the Subject, 

I survey of the universe, for tlie purpoee ol 
idi eorrespondenoies and aclaptationa as we 
1 we shall BuppoaB the eeneraJ leading faatt 
' '- •- andthsr--'— ■^-- 



esau me therefore tnat iheeanh is a solid globe of aacertain- 
;d magnitude, wtiich liavels round the aun, in an orbit 
nearly circular, in a period of about throe hundred and 
eiiciy fire Ab.js and a (|Uftr(er, and in the mean time 
revolves in an inclined poattion, upon its own aula in about 
twenty-four hours, thus producini^ Che succeexion of ap- 
pearances and etteots which constitute seasons and chmate^ 
day and night ; — that this globe hae il9 Burf^e Arrowed 
and Tideed with varktuBinequalitica, the waters of the ocean 
oceupytng the depressed parts:— that it ia surrounded by 
an almoaphete, or spherieal covering of air i and that 
various otner physical agents, moisture, electricity, magne- 
tism, light, operate at the surfaoe of the earll^ according to 
their peculiar lawa. This surface is, as we know, clothed 
with a covering of planta, and inhabited by the varioua 
tribes of animSs, with all their variety of aonsationsi, 
wants, and enjoyments. The relations and connexions of 
the Iwgcr potlions of the world, the sun, the pjaneta, and 
(he etara, the coamical arrangements of the syBIem, as they 

these bodies i and me, more remarkable features of these 

oonsiderat' "" -- •--' =- 



'Hieae coamical arrange mt _ 

, icncea, affect also the physical agencies which are si 
woVk at the surface of the earth, andnenoe come in con- 
tact with terrestrU^ occurrences. They thus influence tlie 
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Btability and other apparent perJboticme of the Bolar B^^steini 
the latter to the well teing of the syBtam of oreanic life bj 

.....:_,. .u ,. : _:,j m., .„.., ^aniODi of thi 

geinenta and Tcr 

t of adaptatiorta 
because in treUmg of these the facts are more familiar aiii 

than in the other division ca the subject. Moreover, in thii 
case men have no difflculiv m recognizing aa desirable the 
end which is answered "by such adaptations, and they 
therefore Ihe more readily coneider it os an end. Tlio 
noutishmenl, the enjoyment the difiusion of living thingp, 
are willingly acknowledged to be a auitable object for con- 
trivance ; the simplicity, the permanence, of an inert me- 
ciiaiiical cornbination m^ht not so readily be allowed to be 
a manifestiy worUiy ami of a Creating Wisdom. Tlie 
former btaneh of our argument may therefore be best 
suited to introduce to us the Deity as the inslitutor of Len'« 
of Nature, though the latter may afterwards give us -.i 
wider view and a dearer insigbt mto one province of Ins 
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TERRESTRIAL ADAPTATIONS. 
;eed id this book W point out celations which- 



Is and aninmlB. 

final kind of li 

and unlike eai, 

!B follow in different 

psriodical, increasing and diminishine allematel^, in a 
perpstual succession of equal inlervaia ol time. This is the 
case with Uie heat at the earth's surface, which has a 

Sariod of a year ; with the light, which has a. period of a 
iy. Other <iualities are constant, thus the force of gravi- 
ty at the Bame place is always the sanie. In some cases, a 
very simple cause produces very eompliealed effects ; thus 
!he globular form of the 6arth, and the inclination of its 

of cliomtes. [n other cases a yery complex and variable 
system of oausoaproducea effects comparatively steady and 
uniform i thus solar and terrestrial heat, air, moisture, and 
probably many other apparently confiioling agenSs, join to 
produce onr weather, which never deviate very far from 
a certain average standard. 

Now a genera! faet, which we shall endeavour to exem- 
plify in the Allowing chapters, is this; — That those proper- 
ties of plants and animata which have reference to agen- 
cies of a periodical character, have also by their nature a 
perit^icai mode of working ; while those properties which 
refer lo agencies of constant intensity, arc adjusted to this 

nature of ocganizad beings which have reference to a vniie- 
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Biiit the limited range of the deviations from IhU average ; 
as for example, that coiiatitulion hy which each plant and 
animal is fitted to exist and prosper in itsuane] place in the 



le length of the period 

anpeara to be that of ttie period which telongsuthe actual 
alternations of heat and cold, namely, a J;ear. Plants and 

periodical functions, which have a reference to altefnWions 
of light and. darlcness ; the length of the period of such 
tuuctianB appears to coincide with the natural day. In like 
manner the other arbitrary magnitudes which enter into 
the laws of gravity, of the eSecla of air and moisture, and 
of other cauEes of permanence, and ofEhange, by which the 
influeuCes of the elements open>te, are the same arbitrary 
iha^ttidea to which the members of the organic world are 
adapted by the various peculiarities of their construction. 
The iliiistration of this view will be pursued in the 



tdii^ doners : 



spolten of ia distinctly brought hefota the (eader, it will, 
— ■ — I, he (bund (o cimVay tha e<)nviotion of a wise and 



lolent design, which baa been eiiercised in produeing 

— agreement between the internat constitution and 

nal circumstancea of organized bemgs. We shall 



It between the internat 
istancea of organized bemgs. \ 
adduce eases wtiere there is an apparent relation 
the course of operation of the eleroenla sad the course 
vital ftmetidns; between some fixed measure of time 
space, traced in the lifelesi and in the living world; whi 

acale, and this plan or this scale ia ejfactly [he su^le o 
which IS suited to their place on Che earth ; where it w 
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-o. — ' weight of the earth, or ilie 

desEily ol the hL-, or the messure of tiie ocean, and where 
thflBB quantities are riglitly tiUcen account of in the arrange- 
mentB of creation. In such cans we concei™ that we 
trace a Crealon who, in producing on* pott of his worli, 
wae not forgettul or careless of another part j -who did not 
cast his livine; crealurea into the world to prosper or perish 
as they mig^t find it suited to ihero or not; but hlted 
together, with the nicest skill, the world and the consiio.- 
tkm which he gave lo its inhahiiiuits ; so fashioning it and 
■'■- 1, that lighl and darkness, sun and air, moist and dry, 
'" ■ ..--■■ . ifectots, the uii- 



should become their 

e inorga 
:e of till 



Jed and unfailing causes of their weU being* 

3? the mutual adaptation of me c 



We have spoken of the mutual adaptation of the organic 
__j .!._ 1 :p world. If we were to conceive Ifie con- 
world VB taking place in an order of time 

__ ._. g mind, we might aho have to conceive 

this adaptation as taking place in one of two ways ; We 
might either Euppose the laws of inert imiure to bs accom- 
modated to the foreseen wants of living things, or the 
organization of life 10 be accommodated to the previoui^ly 
established laws of nature. But we are not forced u^n 
any such mode of conception, or upon any decision between 
such suppositionB : since, for the purpose of our argulneut, 
the consequence of either view is the same. There Is an 
adaptation somewhere or other, on either supposition. 
There is, account taken of one part of the system iB fraln- 
ing the other : and the mind which look such account can 
be no o*er than that of the Intelligent Author of the Uni- 
verse. When indeed we come to see the vast number, tlie 
variety, the extent, the interweaving, reeonciling of such 
adaptations, we shall readily allow, that all Ihmgs are so 
moulded upon and locked into each other, connected by 
such suUilty and profundity of design, that wa may well 
abandon the idle attempt to trace the order of thought in 
Ihs mind of the Supremo Ordainer, 
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CHAPTER L 

'JJie Length of the Year, 

A Vear IB the moat imporlant and obvioua of th& pe- 
nods which occur m the organic, and especially in the 
vegetable world. In this interval of tims tha cycls of most 
of 'Jhe e:iternal ioflaeneeB which operate upoa plants -- 
completed. There is also in plants a cycle of intern 
funnlions, eoneaponding to this auccesaion of ejtlernai cai 
ees. The length of either of these periods might hai 
been dilfetent from what it is, according to any srouuds i 
necessity which we can perceive. But a oertaiii length ia 
Beleoled in both insianoea, and in both instances the earn - 
Ths length of the year is so determined ae to bs adapted 

vegetables ia so adjusled as to be suited to the length 
which the year retiUy has, and unsuiled to a duration lon- 
ger or shorter by any oonaiderable portion. The vegetable 

The length of the year or interval of recurrence of the 

in performing its revolution round the sun : and we can 
very easily conceive the solar ayatem ao adjusted that the 
year should be longer or shorter than it actually ia. We 
can imagine the earth to revolve round the sun at a dis- 
tance greater or leas than that which it at present has, all 
the fbrcea of the system remaining unaltered. If the earth 
were removed towards the centre by about one-eighth of ill 
distance, the year would be diminished by about a month ; 
and in the same manner it would bo increased by a month 
on increaamg the distance by one-eighth. We can suppose 
the earth at a distance of eighty-four be a, hundred and 
eight milliona of miles, just aa easily SLtiia presar:! dis- 
tance of ninety-aix millions; wecanaupraps the earJi with 
its present stj^ck of animals and vegeluVLes j/ac;d where 
Mara or where Venus Is, and revolving in an or^it lilie one 
of theirs : on the former supposition .Mir year would he. 

Or we can conceive the jiresent disMt-cea of the pans of the 
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any of the oenlral xanes, the Bun, to be inr^eased or i 
iiMed in any proportioni and in Ihia way tbe time c 
Barth'e revolution might have been inorensed or dimin 
in any degree ; a greater velocity, and consequently 
minianed period, being requisite in order to balEince an aug- 
mented central attraction, in any of tiiese ways the lengm 
of tbe earth's natural year might have been different from 
wtiat it now is : in the last way without any neoeasa 
ieration. bo far as we can ace, of temperature. 



That this would bs the eeiK, may be collected froo: 
merable indications. Most of our fruit tree& for est 
require the year to be of ita preaeaC length, if the summer 
and the autumn were much shorter, the fruit could not 
open 1 if iheae aeaaons were much longer, the tree would 
put forth a fresh suit of blossoms, to be cut down by the 
winter. Or if ihe year were twice its preaent length, a se- 
cond crop of fruit would probably not ba matured, lot want, 
among other things, of an intermediate season of test arid 

like manner appear to need all the seaaona of our preBenl 
year for their perfection ; the spring, aummer, and autumn, 
m the developement of their leaves and conBef|UBnt forma- 
tion oftheirproperjiriCe, and of wood from this; and the 
winter for the hardening and solidifying the substance thus 
formed. 

Moat plants, indeed, have some peculiar function adapted 
to each period of the year, that ia of the now e^tiating year. 
The sap aacenda with extraordinary copiouaness at two sea- 
sons, in the spring and in the autumn, especially the fo> 
mer. The opening of the leaves and the opening of the 
flowers of the same plants are ao conalant to their timea 
(their appoinled times, as we are naturally led to call them,) 
that such oocurreueea might be taken as indications of the 

lect a series of bolanioaJ facta which should form a colen- 
dari and this hasbeen termedacafeni^OTf/'MDra. Ti>u^ 
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B begmnuiB or lowardB the middle of May. In the sama 
annec the Howeriiig hae its regul&r time: tlie mezereon 
Eind snowilrop push far:ii their Bowers in Februaiy ; ths 
primrose in the munlhof JUnrch ; the cowelip in April { the 
great maas of planta in May and Juns ; niany in July, Au- 
gust, and Septemheri BOmr -—■-"■' 1, -e <i — i, 

Bs the Ltieadovr Eafiron ,' a 

and arrival of winter, he the lauriisunuB and itrbutue. 

The fact which we have here to notice, is the recurrence 
of these £titge9 in the developentent of plants, at inlervaig 
precisely at very nearly of twelve months. Undoubtedly, thia 



of the intensity of such 



time of developement of a plant. But there are liarioufl 
circumstBjiceB which show that this recurrence of the same 
evBnta and equal intervalB is not entirely owing to external 
causee, and that it depends also upon something; in the in- 
ternal structure of vegetables. Alpine plants do not wait 
for the stioiuhiB of the sun'a heat, but eserl suoh a strug- 
gle to blossom, that their flowers are seen among the yet 
unmelted snow. And this is stiL mors remarkable in the 
□aturaliiation of plants from one hemisphers to the other. 
When we transplant our fruit trees to the temperate regions 
south of the equator, they continue for some years to flou- 
rish at the period which corresponds to our anting. The 
reverse of this obtains, with certain trees of the southern 
hemisphere. Plants Irom the Cape of Good Hope, and 
from Australis, countries whwe summer is simultaneoua 
whh our winter, exhibitxheir flowers in the coldest part of 

" London, Encyn'opEdia of Oardenlnj, M8. 
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This view of ihe subject agrees with that maintained 
by thi best botanical writers. Thus Deeandolle obaarvea 
Ihnt alter making allowance for all meteorological causes, 
Which detarinine the epoch of flowei-ing, we must reckon 
as another cause tile peculiar nature of oEich DjiecieB. The 
flowsring once determined, appears to be subject to a law 
o! psriodidty and habit.* 

It appears then that the functions of plants have by their 
nature a periodical character; andthelengilnjf the period 
thus belonging to Tegetables is a result of their organization. 
Warmth andl^ht, sail aud moisture, may in some degree 
modify, .and haatan or retard the stages of this period ; but 
when the conslraint is removed the natural period is again 

thecaiuddof this periodjeity. They do not produce the va- 
ried f'jnetionfl of uie plant, and could not occasion their per- 
formance at regular mtmrals, eixcepC the plant possessed a 
suitable conatructidn. The^ could not alter the length ol 
the cycle of vegeiable functiona, except within certain very 
narrow limits. The processes of Ihe risins of the sap, of 
the fortnation of proper juices, of the unfoWing of leaves, 
the opening of flowers, the lecundation of ^e fruit, the 
ripening ofthe seed, its proper deposition in order (or Ihe 
reproduction of a new plant;— all these operations require 
a certain portion ol time, and could not he compreased into 
a space leas than a year, or at least coald not be abbrevi- 
ated in any very great degree. And on the other hand, if the 
winter were greatly longer than it new is, many seeds would 
not germinate at the return of spring. Seeds w.hioh have 
been kept too long require stimulants to make Uiem fertile. 
If therefore the durUion af the seasons were much to 
change, the processes of vegeMible life would he interrupt- 
ed, deranged, distempered. What, for mstanoe, would be- 
come of our calendar of Flora, if ihs year were lensthened 
or shortened by six months 'I Soni« ot the dates would never 

mark them would be superseded ; soma seasons- would bs 
without dales in the other case, and theae periods would be 
employed in a way harmful to the plants, and no doubt 
ipeedily destructive. We should have nol only a year ijf 
■Deo. Phys.vol. II. 47t 
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Z4 TKBKESTI 

etmfatum, but, if it if era repeated and continued, a ^eai! ol 

But in the enisling tteie of thiogB, the dumtion of Ihs 
«!uth's revolution round the sun, ana the dumtion of ths 
revolution of the vegelable funclionB of niMi planla are 
ei^iiaL Theas two periods areiK^fUftei^tOBachDIher. The 
elimuJants which the elemeiita apply eomo at such intervals 
and continus for such times, ttiat the plant is supporled in 
health and vigour, and enabled W reproduce its kind. Just 
such a portion of time is measured out for tlie vegetable 
powers to execute their tasU, as snahles them to do so in 

Now such an adjustment muA surely be accepted as a, 
proof of design, exercised in ths formation of the world. 
Why should the «olar year be so long end no longer 7 or, 
this he'mg of such a length, why should the vegetable cy- 
cle be exactly of ths aanie lengthl Can this be chancsT 
And tnis occurs, it is to be observed, not' in one, or in a few 
species of plants, but in thousands. Take a small portion 

this adjustment, and sa; ten thousand. How should all 
these organized bodies be constructed for the same period 
of a year ? How should all these machines be wound up 
BO as to go for the same time t Even allowing that thev 
could bear a year of a month longer or shorter, how do 
the; ail come within such limits ^ No chance could pro- 
duce such a result. And if not by chance, how otherwise 

jusiroent of these two things to one another? by asoleciion 
of such an orsaitization in plants, as would Ut them to ths 
earth on which thev were to grow ; by an adaptation of 
construction to conditions ; of Uie scale of the consttuction 
to the scale of the conditions. 

It cannot be accepted as an explanation of this fact in the 
economy of plants, that it is necessary to their existence ; 
that no plants could possibly have subsisted^ and comB 
down to us, except those which were thus suited to (heil 
place on earth. This is true; but this does not at all re- 
move the necessity of recurring to design as the origin of 
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.._ ^ -ere other ill 

(he objector were lo suppose thai plauta were orzgioallv fit- 
ted 10 yewB of rarious lengths, and that Buch only have 
survived to the present time, se had n cycle of a length 
equal lo our present year, or one which could be aocommo- 
daled 10 ilj we BhouW reply, that the assumption ie loo 
gratuitous and estravagant to require much conEidflintion j 
But that, moreover, it does not remove the diHicully. How- 
came the functions of plants to be periedicai at ell 1 Uere is, 
in the first instance, an agreement in the form of the laws 



It prevail in the owanic i 
lich appears to iis a clear ei 



h appears tons a clear evidence of desun m Iheu Au- 
cnor. And the same kind of rsply might Ee made io any 
similar objection to our argument. Any supposition that 
the universe has graduaUy approximated to that state of 
harmony among Uie operolions of ila different parts, of 
which ve have one instance in the coincidence now under 
consideration, would make it necessary fiir the objeclorlo 
assume a previous atste of thmgs preparatory to tliia per- 
fect correspondence. And in this preparatory condition wa 
should EtiU be able to trace the rudiments of that harmony, 
for which it was proposed to account : so that even the 
most unbounded license of hypothesis would not enable the 
opponent to obliterate the traces of an intentional adapta- 
tion of one part of nature to another. 

Nor would it at all affect the argument if these perioc 

if for inBtanof 

ering of plants is brought about at particular intervsis, by 
the nutriment accumulated in theit vessels during the pre- 
ceding months. Pur the question would still reniaiUj how 
theii: funclions were so adjusted, that the accumulation of 
the nutriment necessary lor budding and flowering, toge- 
ther with the operalion itself comes to occo^ exactly a 
year, inalead of a month only, or ten years. There must 
be in their structure come re&renee'to time; how did such 
a reference occur 1 how was it determined to the particular 
time of the earth's revolulion round the sun? This eould 
be no otherwise, as we conceive, than hy design and ap- 
pointment. 
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We are left therefore, with thia manileBt adjuatmant bs- 
fore us, of two parls of the univerae, at first sight so re- 
mote ; the dimensions of the solar system and the powers 
of vegetable life. These two thin^ ore so relaled, that 
one has been made to fit the other. Tlie relation is as clear 
as that of a vmlch to a sundial, if a person i»ere to com- 
pars tile waioh with die dial, hour after hour, and day af- 
ter day, it would be impOEsible for him nu to believe that 
the watch had been amirived to accomodate itself to the 
solar day. We have at least ten thousand kinds ot vege- 
table watches of the most various forms, which are all bo- 
eommodated 10 the solai year ; and the evidence of contri- 
vance seems to be no more eapjbln of being eluded in this 
ease than in the other. 

The same kind of argument might be applied to the ani- 
mal creation. The pairing, nesting, halchmg, fledging, and 
Bight of birds, for instance, occupy each its particular time 
ofthe year j and, tc^ather with a proper period of reel, fill 
up the twelve months. The transformations of most insects 
have a similar reference to the searians, their progress and 
duration. " In every species," (eitcept man,) says a wri- 
ter* on animals, "there is a peculiar period of the year in 
which the reproductive aysteni exeniisaa its energies. And 
the season of love . and the period of gestation are so ar- 
ranged that the young ones are producedat the lime wherein 
the conditions of temperature are most suited to the com- 
mencement of life." It is not our bvsiness here to consider 
the details of such provisions, beaulilul and striking as they 
are. But the prevalence of the grent law of periodicity in 
the vllal functions of organized bBings will he allowed to 
have a cl^m to be considered in its referencB to astronomy, 
when it is seen that their periodical constitution derives its 
use from the periodical nature of the motions ot the planets 
round the sun ; and that th^ duration of such cycles in the 

trary elements of the solar system ; a reference which, we 
mMntwn, is inexplicable and unintelligible, except by ad- 
mitting into our conceptions; an Intelligent Author, alike of 
the organic and inorganic universe. 

■Fleming, ZooLt.Wl 
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CHAPTER 11, 
The Length of the Day. 

We shall now consider s.nalher sstronomisa) element, tlie 
tune of the revolution of the earUi on its (Uia ; and we shall 
find here also that the structure of organized bodies are 
Buited to this element; — that the cosmioal ajid physiological 
arrangenients are adapted to each other. 

Wb can very easily conceive the earth to revolve on her 
axia faster or slower than she doet and thus the days to be 
longer or shorter than they ar^ without supposing any otlier 
change to take place. There is no apparent reason whj this 
globe should turn on its axis just three hundred and sixty- 



earth might have revolved in this or any othe 



might have had, withoi 

inconvenience, much longer days"" '"" 

But the terrestrJFil day, and cc 



hies, which have a periodical character in their functions, 
corresponding to the diiunal luccession of external uondi- 
tions; and we find that the length of the perio(L as it exisM 
in their cooBtitutiou, coincides vrith the length of the natural 
dajr. 

The altamolion of processes which takes place in plants 
hy day and by niaht is less obvious, and less obiiously es- 
sential to their well being, than the annual aeries of changes. 
But there are abundance of facts which serve to show mat 
such an alternation is part of the vegetable economy. 

In the same manner in which LmnFeus proposed a Ca- 
lendar of Flora, he also proposed a Dial ofFloTo, orFlowo 
Cloi^k; and this was to consist, as will readily be Bupposed. 
of plaiita, which mnrk certnin hours of the day, by opcjiinst 
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Had shut^ug their flowers. Thus the day-lily (kemerocal- 
lisfulva) opena at five in Ihs morning) the leontodmi ia- 
raxacam, or common liaodelion, at five or six; the ftiero- 
ciian latifoHum, (hawkweed,) at saren; the hieracium 
pUosdla, at eight; Ihe calendiila arveneis, or marigold, a.1 
nine; the •mea&mbryantheTtiwjt neapolitajaimt at ten or 
eleveag and the eloeing of Clieee imd omer flowera ia the lat- 
ter part of Ihe day Sffers a aimilar ayalem of hour marlce. 

Some of these plants are thos expanded in cansequence 
of the Btimulalirg action otlhe light and heat of the day, aa 
appears by (heir changing their time, when theee influences 



. Dlhera appea 

dentof the iiDnuJseotauch external cii 

diher flowers by llieir opening end shutting 

-■- Plants of the latter kind ar 



hours, and independent 

cumstancea. Other ' 

prognosticate the w 

called by Lmnieus meteoriOflowerB, - <. 

iilmoapheric oauaeB; thoae -which change their hour of 

opening and ahntting with the length of the day, he terms 

tropical; and the hours which they measure are, he obr 

Mwea, hke Turkish houra, of varying length al different 
aeaeons. But there are odier plants which he terma equi- 

nociiiU I their vegetable days, hke the days of the equator, 

Leing always r" ' ' ''•■ —■ ' ■' — 

rally close, at ! 

plants clearly pr , .... 

period of the motions above described, do not depend altoge- 
ther on estemal circumstaoces, 

Some curious experhnents an this subject were made b; 
Decandoih. Hs kept certain planla in two cellara, one 
warmed bv a stove and dar^ the Other lighted by lamps. 
On BOOii of the planiB the arlilicial light appeared lo have 
no infiuenoe, (canvolvulia arveneis, eoatelmdia cJieorum, 
sUenefrul&osa, and they still followed the dock hours in 
their openuig and closing. The night^blowing plants ap- 
peared somewhat disturbed, both hy perpetual light and per- 
petual darkness. In either condition they accelerated their 
going so much, thai in three days they had gained half aday, 

■ Euid tnuB eiohanged night for day aa their time of opening. 
Other flowers went elmceT in the artificial light {convohu- 
liis jmrptireiis,) in like manner those plants which fold 

"of ireatmenl. The osBMsatyictaaiiioxal-isincarnatn kfijl 
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I uQfotded at Ihe usual 
limee, vrtielhec in light or in darkness, biit ihe ffJdinff up 
was nol BO comptele as in the open air. Tile mimosa pa- 
dica (aeniiitive plant,) kept in darkneEe during tlie day time, 
and iiluminated during the nighl, had in three days accom- 
modated herself to the artijicuil state, opening in the eve- 
ning, and closing in the moraing ; restored to Ihe open air, 
she recovered her usual habits. 



has been found neoesaary to 
pan of the day. 

it is clear from these facts, that there is a diutna) period 
belonging to the coiiatiwiion of vegetables: though the sue- 
cessbn of functions depends in ■pare on external stimulants, 
as iightand heat,tbeir periodical character is a reeuUof the 
structure of the plant ; and this structure is such, that the 
length of the perioi^ under the common influences to xvhich 
rfanls are exposed, coincides with the astronomical day. 
The power of accommodation which vegetables possess in 
this respect, is far from being such as either to leave the 
existence of this psriodieal constitution doubtftil, or to enti- 
tle us to suppose that the day might be considerably lenelh- 
ened or shortened -without injury to the vegetable kingdom. 

Here then we have an adaptation between the etrneture 
of plants, and the periodical order of light and darkness 
which arises from mo earth's rotation ; and the arbitrary 
quantity, the length of the cycle of the physiologioai and of 
(he asuoQomicsl fact is- the same. Can this have occulted 
anv 0therwj» than hy an intentional adjustmentT 

Any BtippoBition that the astronomical cycle has occa- 
sioned the phyuological one, that the structure of plants has 
been brougnt to be what it is by the actkin of external causes, 
or that atich plants as could not accommodate themselves to 
the existing day have perished, would be not only an arbi- 
trary and baseless assumption, but moreover useless for the 
IJurposes of explanatien which it professes, as we have im>- 
ticed of a similar supposition with respect til the annuel 
cycle. How came plants to have periodicity at all in 
those functions which have a relation to light and darknusT 
This part of their constitution was suited to organized Ihiogs 
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!j accordingly 

uestowed on them ; it was neoessa^ for thic end that ^e 
period should he of a certain length ; it is of that length ai 
noother. Surely this looks like inten''" ' 

Animals alao have a period ia their i 
as in the 'habits of waking, sleeping, t 
well being appears to depend on ^e ei 
riod with the length of the uaCural di 
the day as in now is, all aniioals find' 



food and repose, which agree perfeotiy with their henlth 
and comfort. Some animlls feed during the day, as nearly 
all the ruminaling animde and land birdE; others feed only 



- .nilighl, as bats and owls, and are called crepusca- 

lar; while many beaeca of prey, aquatic birds, and others, 
take their food during the night. 1%ose animals which 
are Doeturnal feeders, are diurnal sleepers, while those 
which are orepueoular, sleep partly in *b night and paLtly 
in the dayi but in all, the complete period of these func- 
tions is Iwenty-fbur hours. Aum, in like manner, m ill 
nations and ages, takes his principal rmt once \a tvien- 
ty-four hours) and the regularity of this practice eeeiu* 
mail suitable to liis health, though the durntion of tbf^ 
le allotted to repose is extremely different in difiei 



cases. So far as ws can judge, this peiiod 19 of a length 
beneficial to the human frame, mdependently of the effect 
of external agents. In the voyages recently made into high 
northern latiludea, where the sun did not rise for three 
months, the crews of the ships were made to adhere, with 
the utmost punctuality, to the habit of retiring to rest at 
nine, and rismg a quarter before six; and they enjoyed, un- 
der cifciunslances apparently the most trying, a slate of sa- 
lubrity quite remarkable. This shows, that according to 
the common constitution of such men, the cycle of twenty- 
four hours is very commodious, though not imposed on 
theni by external ciicumstances. 

The hours of food and repose are capable of such wide 
modifications in animals, and above all in man, by the in- 
fluence of external stimulants and internal emotions, that it 
is not easy to distinguish what portion of the tendency lo 
such alternations depends on original constitution. Yet 00 
one can doubt that the inclination to food and sleep is peri- 
odicaJ, or can maintain, with any plausibility, that the po- 
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riod may be lengthenefl or ahortaned without limit. Wo 
may bo tolerably certain that a eonaiently recurring [wriod 
of forty-eight hours would bs too long fcr one day of employ- 
ment and one period of Bleeji, with our present facuitieB ; 
aad all, whose bodies and minds are tolerably notive, will 
probably agree tbat, independently of habit, a perpetual bI- 
lernstion of eight hours up and lour in bed would employ 
the human powers less advantageously and agreeably than 
an alternat'on of sixteen and eight. A creature which 
eould employ the full energies of Eia body and mind unin- 
terruptedly for nine months, and then lake a single sleep of 
t)iree months, would not be a man. 

When, therefore, we have aubtracteii from the daily cy- 
cle of the employments of men and auimals, tbat which is 
to be set down to the aooount of habits acquired, and that 
which is oeeasionad by extraneous causes, there still re- 
length, which coincides wto, or at any rate easily accom- 
modates itself to, the duration of the earlVs revolution. The 
phyaiologicsl analysis of this pari of our constitution is not 
necessary tor our purpose. The succession of exertion and 
repose in the muscular Bysleni, of eieiled and dormant sen- 
sibility in the nervous, appear i« be fundamentally connected 
with the muscular and nervous powers, whatever the nature 
of these may be. The necessity of these alternations is one 
of the measures oflheintenaity of those vital energies; and 
it would seam that we oaimot, without assuming the human 
powers to be altered, suppose the intervals of tranquillity 
which they requite to be miach changed. This viewagrees 
with the opinion of some of the most eminent physiologists. 
Thus Oabanis* notices the periodical arid isochtonus cha- 
racter of the desire of sleep, as well as of other appetites. 
Hestatesalsothatsleepismoreeasy and more salutary, in 
proportion as we go to rest and rise every day at the same 
Lours; and observes that this periodicity seems to have a 
reference to the motions of the solar system. 

Now how should aueh a refersnce be at tirst eslabliahed 
in the constitution of man, animals, and plants, and trans- 
mitted from one generation of them to another 7 If we sup- 
]raao a wise and benevolent Creator, by whom all the parts 

■ Rapporls flu Physique el du Moral de I'Homme, II. S71. 
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of nMure were fittwl to their uaea and to each other, IhiB is 
-whul we might exjiect and can undecetand. On snj other 
supposition such a tact aopears altogether mcrediUa and 
inconceivable. 



CHAPTER III. 
The Mass t/fihe Earth, 



lion. The lite of Tegetables and animals implies a conatant 
motion of tlieir tluid parte, and this motion must be produced 
by forces which urge or draw the particieB of the fluids. 
The poaitioBs of the parta of vegetslileB are also the result 
of tba flexibility and elasticity of thaic aubataiica ; the vo- 
luntary motions of animals are produced by the tension of 
the muscles. But in all those oaaes, the effect really pro- 
duced, depends upon the fores of gravity also ; and in order 
that the motions and positions may be such as answer their 
purposa, the forces which produce them must have a due 
proportion to the force of gravity, in human works, i^ for 
mstanca, wa have aftuiu to raise, or a weight to move, 
some calculation ia requisite, in erder tjj dalermine the power 
which we must use, relatively to the work which is to be 
done : we have a mechanical problem to solve, m order that 
we may adjust the one to the ofiier. And the snma adjust- 
ment, the same result of a comparisDn of quantities, maui- 
fesls ilaalf in the relation which the forces of the organic 
world bear to the force of gra-vily. 

The force of gravity might, so far as we can judge, have 
been different from what it now ia. It depends upon the 
mass of ihe earth ; and thia mass ia one of the elements of 
tha solar sysleni, which is not delarmincd by any cosmical 

Tcral planets are very different, and do not appear to follow 
any oMerminate rule, except that upon the whole those 
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nearer the eun j^ppear to be ematler, ejid those nearer to the 
oulskirla of tke syBiem to be larger. We cojinot see any 
tiling which wouM have prevented either the size or the 
iensip of the etirih trom teing differeiil, lo a, very great ex 
lent, h'om what they are. 

now, it will be very obvious tlmt if ttie intensity of gravit; 
were lo be much inereased, or ranch diminished, if every oli- 
ject were to become iwica as haaw, or only half as heavy 
as it now is, all the forces, both of involuntary and volun- 
tary motion which produce the present orderly and suitable 
results by being properly proportioned to the resistance 
which they eiporienee, would bs thrown off their balance ; 
they would produce motions loo qniclt or too alpw, wrong 
positions, jerks and slops, insleEid of steady, well conducted 
movementii. The universe wnuld be lite a — ■"'"" "" "" 
gulaled ; every thing v 

and a rapid disorgamm ._ _ ^..,. 

will, however, attempt to illustrate one or two of the t 

in which this would lake place, bypoinling out forces which 
act in the oj^;anic world, andnhioh are adjusted to the force 
of gravity. 

I. The <irst instance we shsil take, is the Ihrce manifest- 
ed by the ascent of the sap in vegetables. U appears by a 
raultitnde of indisputable experiments, (amonK the rest, 
those of Hales, Mirbel, and Dnlrochel,) that all plants im- 
bibe moisture by their roots, and puna) it up, by some in- 
ternal [otoe, into every part of their fiame, distributing it 
into every leaf. It will be easily conceived that tbis ope- 
ration must require a very considerable mechanical force ; 
tor the fluid must be sustamed ns if it were a single column 
reaching to the top of the tree. The division into minute 
parts and distribution thrnugh smaU veseels does npt at oil 
diminish the total force requisite to raise it. If, for in- 
stance, the tree be thirty-three feet high, the pressure must 
be fUleen pounds upon every square inch in the section of 
the vessels of the bottom in order merely to support the 
sap. And it is not only eupported, but propelled upwards 
with great force, so as to supply th$ constant evaporation 
tjthe leaves. 'ITie pumping power of (he tree raua,there- 
fijte, be very considerable. 

That this power is great, has been confirmed by vanoua 
eurioDs ^perim^niE, especially by (hose of Hale>. He 
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mesBUVed the force with which the Bte(na*nd branches o( 
trees dmw the j^uid from below, sud push it upwards. He 
found, for inBtance, thai a vine in the bleeding season could 
push up its sap in a glMs tube to the height of twenty-one 
feet ctove the stump of an amputated bianch. 

The force which produces this effect is part of the eco- 
nomy of tha vegeleble world; and it is clear that the due 
operation of the force depends upon ile being rigljtiy pro- 
portioned 10 the force of gravity. The weight of the fluid 
must be counterbalanced, and an excess of force must exist 
to produce ihe motion upwarda. In theoommon course of 
■vegetable life, the rate of the ascent of the sap is regulated, 
on the one hand, by the upward pressure of tha vegetable 
power, and on uie other, by the amount of ihe gravity of 
the fluid, along with the other resistances, which are to bo 
overcome. I£ therefore, we suppose gravity to increase, 
the rapidity of this vegetable circulation wilt diminish, and 
the rale at which the ftnction proceeds, will not correspond 

either to the coarse of tha sei ~ 

processes with which this 



!r physiological 



vital movements of the plant in a very short lima. In like 
manner, a dinimution of the gravity of the vegetable juices 
would aeoelerate the rising of the sap, and would, proba- 
bly, hurry and overload the leaves and other organs, so as 
to interfara with their due operation. Some injurious 
change, at least, would take place. 

Hers, then, wa have the forces of the minotesl parts of 
vegelables adjusted to the magnitude of the whole mass of 
the earth on which they exisL There is no apparent con- 
nection between Ihe quantity of matler of the earth, and the 
force of imbibition of the tools of a vine, or ^e force of pro- 
pulsion of the vessels of its branches. Yel, these things 
' a praporlioii as the well bemg of ihe vine re- 



quires, 
thatlh 



re attended to in devising its 
finded 



hether this force 
of propulsion of vegetables is mechanical or not, becaitse 
ihe argument is the same for our purpose on either suppo- 
sition. Some very curious ejcperimenis have recently been 
made, (by M. Dntrochal,) which are supposed to show thai 
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[ha &rc6 is meohanical i that when Ivro differen fluids are 
■epnratKl by a, thin membrane, a force which M. Diitro- 
ohet calls endosmose urges ono fluid through iha mem- 
brane : and thit the roots of plants are proyided with email 
vesicles which act the part of such a membrane. M, Pma- 
Bonhaa further attempted to show that this force of endos- 
mose may be considered, as a particular modification of eapil- 
Imj- action. If these views be true, we have here two 
mechanical forces, capillary action and gravity, which are 
adjusted to each other in the manner precisel}' Euiled to the 



welfare of vegetal: 



^e of adaptation between the force 



WB may tate the positions of Aowera. Some flowers grow 
with the hollovj of their cup upwards ; others " haiig the 
penEive head,'' and turn the opening downwards. Nov/ of 
these "nodding- flowers," as Linnisus calls ihem, he ob- 
serves that they are such as have their pistil longer than 
the stamens i and, in consequence of this position, the djst 
from the anthers which mb ai the ends ol the stamens can 
(all upon the stigma or extremity of the pistil; which pro- 
ess is requisite for makii^ the flower fertile. He gives as 
instances the flowers campamUa, levcoiam, galanthus, 
fi-iliUana. Other botanists have remarlted that the posi- 
tioa.changea at different periods of the flower's progress. 
The pisUl of the Euphorbia (which is a little globe oi- ^r- 
men on s. slender stEilk) grows upright at first, and is taller 
than the siamena : at the period suited to its fecundation, 
the stalk bends underthe weight of the boll at its extremitj, 
BO as to depress the germen below the stamens; after this, 
It again heoomes erect, the globe bemg now a fruit filled 
with fertile seeds. 

■ The posirions in all these oases depend upon the length 
..jid flexibility of the stalk whioh supports the flower, or in 
the case of the Euphorbia, the germen. It is clear that a 
very slight alteration in the force of gravity, or in the stiff- 
ness of the stalk, would entirely alter the position of the 
flower Gup, and ^us make the contmuation of the species 
impossible. We have therefore here a little mechanical 
contrivance, which would have been i'rualrated if the pn^- 

in^. An earth greater or smaller, densec oi rarer thou ttu 
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one on which we live, vreiild require a change in the struc- 
ture aud stcengtii of the (botstiklks of all the little flowers that 
hang their h^a under our hedges. There is somettiing 
ourioua in Ihua oonaidering tlje whole masa of the eartfi 
irara pale to pole, and frocn circumference to centre, as em- 
ployes in keeping a aiiowdrop in the position most suited 
to the promotion nf ita vegetable heoltli. 

it would be ea!y to mention many o(her porta of the eco- 
nomy of vegetable life, which depend for then' use on their 
Bdapcation to the force of gravity. Such ate the ibroes and 
conchtiona which determine the positions of leavea aid of 
branches. Such again those parts of the vegetable cousci- 
tution which have refereoce to the pressure of the atmoa- 

pourarful influence on the functions of planta, and to require 
a:if^^^^^^^ ^t -■^..^i..-'. D...- ..... ^..oc ....».■ ii.^^.. .........tj.... 



that we cui ot need do ia to give a few sxamples, 

may show the nature of the impression which the ejtamma- 

tion of the universe produces. 

3. Another instance of the adjustment of organic struc- 
ture to the force of gravity maybe pointed out in the mus- 
cular powers of anunala. If the force of gravity were in- 
creaaed in any conHderable proportion at the sorfoce of the 
earth, it is manifest that all the swiftness, and strength, and 
grace of animal motions must disappear. I^ for instance, 
me earth were as large oa Jupiter, gravity would be eleven 
times what it is, the Tightness of the &wn, the speed of the 
hare, the spring of the tiger, could no longer exist with tile 
exiBting muscular powers of those animals { for man to lift 
himself upright, or to (raw! frOm place to place, would be 
B labour slower and more painful than the motiona of the 
sloth. The density and pressure of the air too would be 
inoreaaed to an intolerable extent, and the operation of re- 
spiration, and others, which depend upon these mechanical 
properties, would be rendered laborious, ineffectual, and 
pnmably impossible. 

If, on the other hand, the force of gravity were niuch 

Tbe air would be too thin to treathe i the weight of our bo- 
dies, and ot an the substancai suirraundingus, would become 
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rangement and unsteaduieaa 
last in our moi-emenla. 

It has aoraelimes been jnamtained by fanciful tlieorista 
that the earth is nierel; a ehell, and that the central parla 
aie hollow. All the teaaonBwe can oolle^l appearto bein 
fovour of its being a solid maaa, considerably denser than 
any known rock. If this be bo, and if •«& Euppoee the in 
tenor to he atanylime scooped ouf,BO as to leave only such 
- -'■-M as the above mentioned apeottlatora t — ^ 



nalabilityof all about ua, Thinga would not lie vjhere 
laced them, but would slide away with ■■- -'■-'■'--- 
We should have a difficulty in slandinj 



we placed them, but would slide away with the slighteat 
push. We should have a difficulty in standing or walking, 
something like what we have on ship-board when the deck 



inclined; and ws should sugger helplessly through 
atmosphere thinner than that which oppresses the reapira- 

We see therefore that those dark and unknown central 
portions of the earth, which are placed lar beyond tha reach 
of the miner and the geologiat, and of which man will pro- 
bably never know any thing directly, are not to be consi- 
dered as quilc disconnected with us, as deposits of useless 
lumber without cft'ect or purpose. We feel their uifluenee 
on every sWp we take and on every brea* we draw i and 
the powers we possess, and the oomfilrta we enjoy, would 
be unprofllable to us, if they bad not been prepared with a 
referanca to those as well aa to the near and visible porliona 
of the earth's mass. 

The arbitrary quantity, therefore, of which we have been 
treating, Ihe intensity of the force of gravity, appears to 
have been taken account of, in eatablishingthe laws of those 
forces by which the proceasea of vegetable and animal lifa 
are carried on. And this leads us inevitably, we conceive, 
to the belief of a supreme contriving mind, by which thesi 
laws were thus denaed and thus established. 
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CHAPTKR IV. 

'H'^ Magnitude of the Ocean. 

Thhub are Beveral arbitrary quanlitiea which cc 
to determine the alate of thinis aX, the earth's earfaoe be- 
eidsa those alreFidy mentioned. Some of these we shall 
htiefiy refer lo, withcut . pursuing the aiibject into detail. 
Wa nish not only to show that the properties and procesaea 
of vei^lable and animal life must be adfusted to each of these 
quantities in particular, but also to point out how numerous 
and coniplicBled the conditions of the exialonce of organ- 
ized bein)^ are ; and we ahali thus be led to think less in- 
adequately of the intelligence which 



;d without confusion, all these ci 

appeoj thus to be c^iductad to the conviction not only of de- 
Bign and intention, but of supreme knowledge and wisdom. 
One of the quantities which enters into the constitution of 
the urreetrial system of things is the bulk of liie waters o( 
the ocean. The mean depth of the see^ accocdm°; to the 
calculations of Laplace, is four or fiva mdes. On this sup- 
position, the Eiddition tothe'aeaof one-fourth of the exiating 
waters would drown the whole of the globe, except a few 
chains of mountains. Whether this be exact or no, we can 
easily conceive the giitmtity of water which lies in the ca- 
vities of our globe to be greater or leas than it at present is. 
Wiih every such addition or subtraction the form and mag- 
nitude of the dry land would vary, and if this change were 
considerable, many of the present relations of things would 
be altered. It may be sufficient to mention one effect ot 
such a change. The sources which water the earth, both 
clouds, rains, and rivers, are mainly ftd bythe aqueous va- 

Sour raised from (he sea ; and therefore if the sea were much 
iminisheii, and the land increased, the mean quantity of 
moisture distributed upon the land must be diminished, and 
the character of olunales, as to wet and dry, must be ma- 
terially affected. Similar, but opposite chaises would re- 
EuU from the increase of the surface of the ocean. 

It appears then that the magnitude of the ocean is one of 
the conditions to which the structure of all organized beings 
which are dependent upon climate must be adapted. 
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7^e Magnitude qfthe ASmospJiere. 



The (otal qiianlily of air of which our atmo^hero k 
■e may apply to this subject conside- 



miona similar to those oflije last se _ „. 

reaaou why the atmosphere might not have been larger in 
comparisoa to the globe which it surrounds ; those ofHars 
and Jupiter appear to be so. Butifthequantity of airwere 
inoreaeed, tho etruoture of organized beings would in many 
wsya ceaiB to be adapted to their place. The atmospheno 
pressure for inetEu)c& would be increased, which, as we 
have already nMicei^ would reijuire an alteration in the 
BlruolurB of vegetables. 

AnoUier way in which an increase otthemasa of the at- 
mosphere would produce inconvaniencs would be in the 
force of winds. If the current of air in a strong gale were 
doubled or tripled, aa might be the oaee if the atmosphere 
were augmented, the deetmotive etiecM would be more than 
doubled or tripled. With auch a ohanse, nothing could 
stand against a storm. In general, houses and trees resist 
the vkJence of the wind ; and except in extreme cases, as 
for inalance in occasional hurricanes in the West Indies, a 
few large trees in a forest are unusuai trophies of the power 
of the tempest. The breezes which we commonly have are 
hartnlesa messengers to briogaboutthe salutary changes of 

to vegetables lends to promote their growth, and is so ad- 
vantageous, that it has been proposed to imitate it by artifi- 
eial breezes in the hotliouse. But with a stream of wind 
blowin°: against them, like three, or Hve, or ten, gales com 
pressed into the space of one, none of the existing trees 
oould stand ; and except they could eillier bend like rushes 
in a stream, or extend their roots far wider than their branch- 
es, they must be torn up in whole groves. We have thus a 
manifest adaptation of the present usual strength of the m«- 
leriaJs and of the workmanship of the world to the stress el 
wind and weather which they have to sustain. 
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CHAITER VI. 

The Camtisncy and Variety of Ciimoto. 

It is posribld lo conceive arrangemeiits of our ayttem, ac 

or nearly tile same, climate. 1% tor eKBinple, we eupposi 
ths eailii lo he a flat disk, or flat ring, like ins ring of Se 
turn, revolving in iSn oim plane ai that does, ceiSi peit o 
both the flat Burtaces would DaTe the same expoeure to Ihi 
sun, and the aama tempsrature, ao far as the — '- "--■ ' 

aoncsrned. There is no obvious raaar '- 

■uch B {brm might not ba occupied by 
hle8, as well as our present earth i —■ ' 



There is no obvious reaaon why a planet of 



Bur&ce might be covered with life, without the nt 

there bein^ any dlBerencs in the kind of ioiiabilanls belong 

ing (o di^rent parts. 

Again, it ia possible to conceive arrangements according 
towhichno part of our planet should havs any steady cli- 
mate. This may probably be the ease with a comet. If 
we suppose such a body, revolving round the sun in a very 
oblong ellipse, to be of small sii;e andof a very h^h tempe- 
rature, and therefore to cool rapidly ; and if we sufipose it 
also to be surrounded by a large atmosphere, composed of 
various gassa ; there would, on the surfece of such a boily, 
be no average olimats or ssosons for each place. The years, 
if we give Inis name to the intorvalB of lime occupied by its 
successive revolutions, would be entirely unlike one ano'her. 

the greatest cold of a preceding one. The gieatesl heats 

unequal. The atmosphere might be perpetually changing 

ent gaBCE. In the operationB of the elements, all would ba 
incessant and rapid change, without recurrence or compen- 
satioD. tVe cannot say that ortganized beings could not be 
fitted for such a habitatfon; hut if they were, the adaplotion 
must be made by means of a constitution quiledifierem from 
that of aJmoEl all organiied beings known to us. 
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The stale of things upon ihe earth, i 



nesa, Atid, tiiough iii different places Ihe annus 
Bion of appeBrances in the earili and heavens, is, U 
iia main cliaraclers, the same, the result of these i 
in the average climate ia very difterenc. 



iraoieely adapted. The difierenees of dim . .. . 

Jrovidedfotbylheesistenoe of entirelj difietenl olaai 
mte and animals in diSereot couutriea. The oonetancy 



of fixing the reader^a attention upon the ca 
of the two. 

" alternation, at any given plac 
■ ami calm, as 



otmospherio changes, appears at first sight to he eitramely 
irregularj and not subject to any law. It ia, however, eoay 
loaee, with a little attention, that there isa certain degrae of 
constancy in the average weather and seasons of each place, 
Ihoogh the particular fajiis of which these generalitiea are 
made up seem to be out of the reach of fixed laws. And 
when we apply anj numerical measure to the^e particular 
occurrencea, and take theavere^ of the numbers thua o1> 
served, we generally find a remarkably close correapond- 
ence in the numbers belonging to the whole, or to analogous 
portions of successive years. This will be found to apply 
to the measures given by the thermometer, the barometsr, 
'"'■ --f.-.^j'-u „E.. .! ^jry ,„ij ^ii,; 



d by degrees of the thermome- 
er i the temperature of the day ia estimated by this meaaure 
aken at a certain period of the day, which is found by eipe- 
ienix t» correspond wiih the daily average j and Ib« nana 
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Emnual teinpetaUire will Ihen be Ihe averKgo ot all Iha 
heights of the thermometer for every day in the j^tf. 

The meaiiBunual Wmperature of London, ttius ineaaureil, 
IB about 50 degrees 4-lOtb3. The frosl of the year 1J7S 
■was 60 severe that the Thames wa« paaaable on the ice; 

hein^ within a small fraction c 

curred, the mean lemperature of the year was 60 degrees 
1-lOlh, which is hkewiae within a fraotton of a degree of 
the standard, in ths aerere winter of 1813-14, when the 
Thames, Tyne, and other large rivers in England were 
completely frozen over, the mean temperature of the two 
years was 49 degrees, being little more than a degree below 
the standard. And in the year 180B, when the euinmer 

93 1-3 degrees, the mean heat of the ysor was 60 1-2, which 
is aliont that of the standard. 

Tile same numerical iodicationa of the constancy of cli- 
mate at the same place might be colleeted from the records of 

We shall, hereafter, consider some of iho very complex 
agencies by which this steadiness k produced; and shall 
endeavour to pmt out intentional adaptations to this object. 
But we may, m ihe meanliine, observe how this property of 
the atmosplieric changes is made suDservient to a further 

To this constancy of the climates of each place, the struc- 
ture of plants is adapted; almost all vegetables require a 
]iariicular mean temperature of the year, or of some season 
of the year ; a particular degree of moisture, and similar 
eondiljons. This will be seen by observing that the range 
of most plants as to climate is very limited. A vegetable 
which flourishes where the mean temperature is 55 degrees, 
would pine and wither when removed loaregion where the 
average is SO degrees. If, therefore, the average at each 



present conscitutionB would suffer, languish and soon d 
2. It will be readily utiderstood that the same moi 
measurement by which we learn the constancy of ctii 
at the same place, serves to show us the variety whicl 
longs to different places. While the variations of the s 
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region vaaiah when we take the averngeB even of moderate 
periods, [hoae of dislanl countriee are fixed n.nd perpeiuaJi 
and stand out more dear and distinct, the longer is the in- 



In tile way of mesBurinaalready described, the mean tem- 
perature of Petersimrg is 39 degreea, of Rome 60, of Caii-o 
72. Such observations as these, and others of the some 
kind, have been made at various places, collected and re- 
corded J and in this way the eurfece of the earth can be di- 
vided by boundary lines into various strips, according io 
theee pfiysioal difterences. Thus, the lonea which lake in 

Thesf 



places which have an equej temperature for the i. 

the winter half of the year, have been called reEpectivelv 
isoiheral end JxxUtnaJ lines. These do not coincide wi(li 
the iaolhermal Unee, !ot a, place may have the same tempe- 
rature as another, though its aummer be hotter and ita win- 
ter colder, as ia the case of Pekin compared with London. 
In the same way we might conceive Imes drawn according 
to the conditions of clouds, rain, wind, and the like eiretini- 
ecances, if wa had observations enough to enable us to lay 
down such lines. The course of vegetation depends upon 



very nearly norllteasl and aouth-weat, while the line of 
equal temperature is nearly eaec and west. And the spon- 
taneaua growth or advantageous cultivation of other plants, 
ia in like manner bounded by lines of which the course de- 
pends upon very complex causes, but of which the pesilion 
IS generally precise and fixed. 
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CHAPTER VII. 



The organization of plenla and animals is in diiTerenl 
IfibeB formed upon scliemea more or less different, but in all 
cases EttjiJEled in a general way lo the course and action oi 
the elements. The differences are connected with the dif- 
lerent habits and manners of living which belong tu dillerenl 
Bpeciee ; and at any one place the various species, both ol 
aiiiitialB and plants, have a number of relations and mutual 
dependences arising out of these difterencei. But besides 
the diflerences of Uiia kind, we find in the forms of organic 
life another eel of diHerences, by which the animal anJ ve- 
getable kingdom are fitted for that variety in the climates ol 



eye of the traveller a series of pictures, which, even 
to an ignorant and umefieetive spectator, is lull of a pecu- 
liar and fascinating inierest in consequence of the novelty 
and strangeness of the successive scenes. 

Those who describe the countries between the tropics, 
speak with admiration of the luxuriant profusion and rich 
varietTof the vegeiabte productions of those regions. Ve- 
getable life eeema there far more vigorous and active, the 
ctrcumstances under which it goes on, far rnore faToursble 
thiui in our latitudes. Now ifwe coticeive an inhabitant ot 
those regions, knowing, from the circtimslances of the earth's 
(brm and motion, the difierence of climates which must 
prevail upon it, lo guess, from what he saw about him, the 
i»>ndition of other parts of the globe as to vegetable wealth, 
is not likely that he would supposa that the extrattopical 
idiitiateB must he almast devoid of plants 1 We know that 
the ancients, living in the lemperule zone, came to the eon- 

inhaliiiable. In like manner the eijuatoriaJ reasonei would 
probably conceive that vegetation must cease, or gradually 
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He avav, as he should proceed Ui pl^ei further and further 

lemperalure of tiis year being about 60 degrees, he would 
hajdiy auppoBf that any planls could eubsial Ihrough a year, 
where the mean temperature vraa only 60, where the tem- 
perature of [he summer quarter was only 64, and where the 
mean lemperalure of a whole quarter of the year was a very 
few degrees removed from that at which water becomes so- 
lid. He would suppose that scarcely any tree, shrub, or 
flower could exist m such a state of things, arid so (ar as 
the plants of hia own country ate concerned, he would 
jui^e rightly. ... 

But the countnea further removed Irom the equator are 
not left thus unprovided. Instead of being scantily occu- 
pied by such of the tropical plants aa could support a etunt- 
ed and ppeoarioua life in unganial climes, they are abun- 
dantly stoclted with a multitude of vegetables which ap- 
pear to be consinicled eKpressly for them, inasmuch as these 
species can no more flourish at the equator than the equa- 
lorlai specie! can in these teraperale regions. And auch 
new supplies thus adapted to new conditions, recur per- 
petually as we advance lowardB the apparently frozen and 
untenantable regions in the neighbourhood of the pole. 
Every zone has its peculiar vegetables : and as we miss 
soma, we find others make their appearance, as if to re- 
place thoae which are absent. 

It we look at the indigenous plants of Asia and Europe, 
we find such a succession aa we have here spoken of. At 
the eq.tator we find tile natives of the Spice Islands, the 
do ve and nutmeg treea, pepper and mace. Cinnamon bushes 
clothe the surfaoeoC Ceylon 5 the odoriferous sandal wood, 
the ebony tree, the teak tree, the banyan, grow in the East 
indies. In the Bame latitudes in Arabia the Happy we 
lind balm, frankincense and myrrh, the coffee tree, and tho 
tamarind. But in theae countries, at least in the plains, 
the trees and shrubs which decorate our mora northerly 
climes are wanting. And aa we go northwards, at evei^ 
step we change the vegetable group, both by addition and 
by aubtraction. In the thickets to the west of the Caapian 
Sea we have the apricot, citron, peach, walnut. In the 
aame latitude in Spain, Sicily, and Italy, vro find the dwarf 
palm, the cypress, ohesooi, tbe cork tree ■ the orange mO 
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lemon tree perfume the air with theit bioaBoms; (he myrtle 
and pomegranate grow wild among the cocks. We crose 
the Alps, and we find the vegeiaiion wliich belongs to 
iioclhem Europe, oF which Engianil is an instBUce. The 
oak, che beech, and the elm are natives of Great Britain : 
the elm tree aeen m Scotland, and in the north of England, 
is the wych elm. As we travel still further to the north the 
forests again change their character. In the northern pro- 
vinces of the Russian empire are fonnd forests of the vari- 
ous species of {irs: the Scotch and spruce fir, and the 
larch. In the Orkney Islanda no Irea is found but (he ha* 
Eel, which occurs again on the oorihem shores of the Bal- 
tic. As ws proceed into colder regions we still find species 
which appear to have been made tor these situations. The 
hoary or cold elder makes its appearance north ot Stock- 
holm ! the sycamore and mountain ash accoropaiij; us to 
the head of me gulf of Bothnia : and as we leave Ibis and 
traverse the Dophrian range^ we pass in succession the 
boundary lines of the spruce hr, the Scotch fir, and those 
mmiitB shrubs which botaniata distinguish as tire dwarf 
birch and dwarf willow. Here, near to or within the arctic 
circle, we yet find wild flowers ot great beauty ; the meze- 
reum, the yellow and white wnterlily, and the European 
globe flower. And when these fail us, the remdeer moss 
makes the country habitable for animals and man. 

We have thus a variety in the laws of vegetable organi- 
sation remarkably adapted to the variety of climates ( and 
by this adaptation the globe ia clothed with vegetation and 
peopled with sniroaJs from pole to pole, while without aueh 
an adaptation vegetable and animal life must have been 
confined almos), or entirely, to aoine narrow zone on the 
earth's surfaee. We conceive thai we see here the evi- 
dence of a wise and benevolent intention, overcoming the 
varying dilHculties, or employing the varying resources of 
the elements, with an inexhaustible fertility of contrivance, 

3. One oE the great uses to which the vegetable wealth of 
the earth is applied, is the support of man, whom it pro- 
vides with food and clothing ; and the adaptation of tribes 
of indigenous VMetables to every elimate has, we cannot 

Bhould be diffused over the whole globe. But this end ia 
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BM annrsred by indigenoua vegetables alone { and in ihs 
variety of vegelables capable of being i^li-eated witli ad- 
vantage in various counirieB, we conceive thai we And evi- 
dence of an additional adaptation of the aclieme of orgnu^c 
life la Ibe eystem oF Ihe elementB. 

The cultivated vegecablea, which form the neceaaaries or 
luxuries of human life, are each confined within limiia, tiar- 
row, when compared with the whole eui^e of the eorih ; 
yei almost every part of the oacth'a surface ia capable ot 
bsing abundantly covered with one bind or other of these. 
VVhen one class fails, another appears in its place. Thus 
com, wine, and oil, have each its boundaries. Wheat ex- 
tends through the old Continent, from England to Thibet : 
but it stops soon in going nor^wards, and ia not found to 
succeed in the west of Scotland. Nor does it thrive better 
in the torrid zone than in the polar regions : within the tro- 
pic^ wheal, barley nod oata are not eukivaled, excepting 

inhabitants of those countries have other species of grain, 
orolher (bod. The cultivation of the vine succeeds only in 
countries where ihe annual temperature is between 50 and 
63 degrees. In both hemispheres, the profitable culture of 
this plant ceases within 30 deerees oftheeouatoA unless in 
elevated situations, or in islands, as Teneriffe. The limits 
of the cultivation of maize and of olives in France are pa- 
rallel to those which bound the vine and com in succession 
10 the north. In the north of Italy, west of Milan, we first 
meet with the cultivation of rice : which extends over all 
the Bou^ra part ot Asia, wherever the land can be at plea, 
sure covered with water. In great part of Africa millet is 
one of the principal kinds of grain. 

SKtends to Aeltachan in latitude 46 ui the old. The sugar 
cane, the plantain, the mulberry, the betel nut, ^e indigo 
tree, the tea tree, repay the labours of the cultivator in lo*a 
and China ; and several of these plants have been transfer- 
red, urith success, to America imd the West Indies. In 
equinoctial America a greal number of inhabitants find 
abundant nourishment on a narrow space cultivated with 
plantain, cassava yams, and maize. The bread fruit trea 
begins to be cultivated in the Manillas, and extends through 
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lePelewiB 

In this miLnner Itie varioua IriOes Dl men are provlSed 
■With vepelable food. Some however live on their catile, 
and [hue maliB the produce of the eanh onlj mediately sub- 
servient 10 their wants. Tlius the Tartaj Iribes depend on 
their flocks and herds for fool : the taste for the Resh of the 
horse seems to belong to the Moogola, Fine, and other da 
scendants of the ancient Scythians: the locust eaters ar« 
found now, as formerly, in Africa, 

Many of these differences depend upon cubIodi, soil, and 
other CBuaes with which we do not here meddle j but many 
are connected with climate j and the variet/ of the resour- 
ces which man thus pOBSeases, arises from the variety of 
GDnstitntion belonging to cultivable vegetables, through 
which one is fitted to one range of climate, and another to au> 



3. By ditferencesinTegeCablesof tfaekind we have above 
described, the BUEtentatbn and gratification of man's physi- 
cal nature is copiously provided for. But there is anouier 
circumstance, a reaull of the difference of the native pro- 
ducts of different regions, and therefore a consequence of 
that diflerenee of olmiate on which the difference of native 
produoti depands," which appears to be worthy our notice. 
Th? difference of the productions of different countries has 
n bearing not only upon the physical, but upon the social 
and morS condition of man. 

The intercourse of nations in the way of discovery, colo- 
nization, commerce; the study of the natural history, man- 
ners, institutions of foreign oountriesi lead to most nume- 
rous and important results. Without dwelling upon this 
subject, it will probably be allowed that such iniereourss 
has a great influence upon the comforts, the prosperity, the 
arts, the literature, the power, of the nations which thus 
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Now iha variety of the pKiductionB ot dif- 
ferent landa Bupplies boih the stimulus lo tliie iotercaurse, 
atui tha insirumenis by which it produces its eflecls, Tho 
desire to pcesess the objects or the knowledge which fo- 
reien couniriea aJona ean supply, urges the trader, the tra- 
veller, tlie discoverer to compass land and seag and the 
progress of the arts and advantages of civilizatioQ consiala 
almost entirely in Uie culiivalion, the use, the improvement 

is ihe ease to a much greater emenl than might at 



.... le of the plants of the ec 

improve them by careful culture, but for the moat part, ha 

expels tlie native possessors of the land, and introduces co- 

Thus, (0 take the condition of our own part of the globs 
as an example; scarcely one of the plants which occupy 
our iielde and gardens is indigenous to the country. The 
walnut and the peach come to us from Persia; the apricot 
from Armenia; from Asia Minor, and Syria, we liare the 
cherry tree, the tig, the pear lire pomegranate, the olive, 
the plum, and the mulberry. The vine which is now cuUiva- 
1^ ... v.n> = „-.i™ ^i Europe; it is found wild on the shores 

- , I, ■ = " ■ ?r"^iiy 

on the banks of the Semara, in TartaiTi rye in Crete, 
wheat at Baschkiros, in Asia ; but this is held by the best 
botanists to t>G very doubtful. The polatoe, which luis been 

added so much lo the resources of life in many countries, has 
been found equally difficult to trace back to Its wild condition. 
Thus widely arc spread the traces of the connexion of 
the progress of civiliiaiion with national inlercourse. In 
our own country a higher stale of the arts of life is marked 
b^ a more ready a«d extensive edoption of foreign produc- 



ts from Holland, and 
1 {Jerroany; with Flemish fe 
turnips; i 



m {Serroany; with Flemish farming and Swadisi 
— '-■" -li forsBtB of the fftaof Pforw^y. '"'•■ 
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I poplar of the aomh of Europe adorn o\. 



nisa ; tlie cotton, coffee, sugar of the eEmt ara thus irans- 
plontod to the fiinheet west 1 and man lives in the middle 
of a rich and varied abundance which depends on the faci- 
lity with which plants and aainmla and modes of culture 
can be tranaferrad into lands br removed from those in 
whieh nature had placed them. And this plenty and va- 
riety of mateiial comforta is the companion and the maik 
of advantagea Mid improvementa in social life, of progress 
in art and BCianoB, of activity of thought, of energy or pur- 
pose, and of ascendancy of character. 

The diiTarenocB in the producliona of different countries 
which lead to the habitual intercourse of nations, and 
through this to the benetils which we haTc thus briefly 
noticed, do not all depend upon the differences of tempera- 
ture am climate aJone. But these diflerencea are among 
the cituses, and are some of the most important causes, or 
conditions, of the variety of products ; and thus that arrange- 
mentof the earth's form and motion from which the differ- 
ent climates of different places arises, is connected with the 
social and moral welfare and advancement of man. 

We conceive that this coimeiion, though there must be 
to our apprehension much that is indefinite an 

the profiJuiid and comprehensive relatione established by i 
council and foresight of a wise and good Creator of i 
world and of tnan,Tiy whom the progress and elevation 
the human species was neither uncontemplated nor uncai 



_. tJie globe, and an insirument for 
m and many attendant benefits. We 
PL i;i,uBu.i:.cu una variely aa itself a purpose which 
perceive or understand without reference to eome 
end. Many persons, however, and especially Ihosa 
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who art Elrmdy in the habit of referring the world to i« 
Creator, will probably see eometliing admirable in itself in 
this vast variety of created things. There is indeed some- 
thing well fitteS to produce and confirm a reverential won- 
der, m these apparently inexhauatiblfl slorCB of new forms 
of being and niodea of esialenoei the fisity of the laws of 
eaoh class, its distioclness front all others, its relations to 
many, Strueturea and hahits and obaiaotera are eshibiied, 
which ate connected and diatinguiahed according to every 
oooceivabiB degree of subordination and analogy, in their 
reaemblancsa and in theic diffetencea. Every new coun- 
try we explore preaenla i "■- — t;_,.;.. 

the poaaibie eaaea seem 

If semblances and differi 

what conjecture might li . -,,,.- 

the old onea. Moat of those who have any large jn 



10 the arrangements by which such a 
ty on the earth's sur&ce is produced, thc.charactei of 
ievised raeana to u worthy end. 



CHAPTER VIII. 

TTie CanstitiKrUa of Climate. 

We a noken of the steady average of the climate at 

h f the difference of this avetSBB, at different 

p d f [he adaptation of orgailized beinga to this 

a n the jaws of the elements by which they are 

nff ted B I this sleadinesa in the general efffeet of the 

m IS, je result of an ei:tremely complex and exten- 

5age t, b is the aggreeate reault of a great number 
ifierent agents, govBrnea by different laws, groducing 
Clots of fajious kinds. Tha ataadiueaB of Ihu eompou 



compound 
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, ofabm 



a permanent condition, like 



Beeming accident and irregularity. It is a perpetual repose, 
eoml>ined witli a perpetual motiqn; an invariable average 
of must variable quantilies. Now, tl^ manner in which 
aucha stale of things is produced, deeerves, we conceive, a 
closer consideration. It may be useful lo show how the 
particular taws of th« aciion of each of the elemenls of cli- 
mate are bo adjusted that ihey do not disturb this general 

The prineipal constiluenla of climate are the tbllowtng : — 
the temperature of the oarlh, of the water, of the air :— the 
dietribulion of the aqueous vapour eonlained in the aimos- 
phere j — the winds and tains by which the equilibrium of the 
atmosphere is restored when it is in an; degree disturbed. 
The effecta of light, of electricity, probably of other causes 
also, are no doubt important in lie economy of the vegeta- 
ble world, but these agencies have nol been reduced by Bci- 
entiiic inquiries to sucn laws as to admit of their being treat- 
ed with the same exactness and certainty which we can 
obtain in the case of those first mentioned. 

We shall proceed lo trace some of the peculiarities in the 
laws of the different physical agents which are in action at 
the earth's surface, ana the manner m which these peculi- 
atiiiea bear upon the general result 

Tke IjSies qf Hsai viith reaped to the Earth. 

One of the main causes which determine the temperature 
of each climate is the effect of the sun's ra^s on the solid 

recently made out with considerable eiactneBs, experiment- 
ally by Leslie, theoretically by Fourrier, and by other in- 
quirers. The theoretical inquiries have required the appli- 
cation of very complex and abstruse mathematical investi- 
gations ; but the general character of the operation may, 
perhaps, be made eaaily intelligible. 

the impresaionfl of heat which it receives at the surface : 

the surrounding ipaoe. These procesBeaare called conduS- 
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and radiation, and have each their ss 



If "Tn"^ ii 



rt from the edge of a 



flows from one part to another of this reservoir. The pans 
of the earth near the equator are rflore heated by ihe sun 
than other parta. and on this account there is a perpetual 



Here, then, is a kind of circulation of heat; anit the 
quanlilr and rapidity of this cireulation, determine (he quan- 
liiy of heat in tlie solid part of the earth, and in each por- 
!ion ofitg and through thi& the mean temperature Mong' 
am to each point on its surbce. 

If the earth cond'ucled heat itiore rapidly than it does, 
the inequalities of temperature would be more quickly ba- 
lanced, and the temperature of the ground (below ihe reach 
of annual and diurnal variations) would difier lees than it 
does. If the surface radiated more rapidly than it dues, 
theliowofhealtrom the polar regions would inireaee, and 
the temperature of the interior of the globe would find a 
lower level; the diiferencea of temperature in different lati- 
tudes wouW increase, but the mean tcmperaliire of the Rlobe 
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There is nothinff which, so fer aa we can perceive, de- 

suoh powere, indifterent subslaiicee, diftet very widely. If 
thB earth were a globe of pure iron, it would conduct heat, 
probably, twenty tim^ ae well us it doee ; if ite .surface 
were poliahed inm, il would only radtale one-eixth as much 
as it does. Changes in the amouhl of the conduction end 
radiation far less than these, would, urobahlj eubvert the 
arth, and mahe it unin- 



ita prennt veretable, 
of the lai™ of heat, as 

reached, ri 



globe, ia, that, by their 

fimiliog eoivdision, whiou, u.n. 

and steady, aa it now is. The i 

the mean condition, produced by any tempotary c! 

rapidiy suppreesBd; the deviationa of seasone frt 

UBuai Btandard produce only a small and ttansbt 

imx immedialely into the a^ 

. of a hot euminer, in like m . , _. 

its progresB through the globe. If this were otherwise, if 
Ibe inequalities and osciflationa of heetwent on, through 
the interior of the earth, retaining the same value, or heconi- 
mg larger and larger, we might have the eztreme heals or 
colds of one place maliioe; their appearance at anolher 
place al^r a long interval; like a conflagration which 
creeps along a Eireet and bursls out at a point remote from 

It appears, Iherefore, that both the present dil!erenc«s ol 
dimale, and the aiaadinsss of the average at each place, 
depend upon the form of the present laws of heat, and on 

from incveaeingand destructive inequalities ol heat; ihear- 
bilrary magnitudes are elements to which the organic woild 
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CHAPTER IX 
Tke Lmes qfHeatinth respect to Wafer. 

The manner in which heat is tTHnsmitted through fluids 
IS ailoeether ilifieteal from the mode in which it passes 
through lohds ; and hence Ihs waters of the earlh'B Buriaaa 
produce peculiar sllecla upon its condition as tolempeFature; 
Moreover, water ia suaoeptible of evaporation in a degree 
iiepending upon the increase ot heat ; and in conBequance 
of ihia properly it haa moat extensive and important fimo- 
liona to discharge in the economy of nattire. We will con- 
aider some of the oifices rf this fluid. 

i. Heat is communicated through water, not by being 
conducted from dne pan of the fluid to aAdlber, as in eolia 
bodies, hut (at least principallv) by beinir earned with the 
parta of the fluid by means of^an intestine motion. VValer 
eipinda and becomes lighter by heat, and, therefore, if (ha 
uoperpart_B be cooled below ihe subjacent temperature this 
appr portion will beeooie heayietthan that below, bulk for 
bulk, and will descend through it, while the lower piirtion 
riaea,io lake the upper place. In this manner the colder 
parts descend, and the warmer parts ascend by contrary 
eiirrenta, and by their interchange and mixture, reduce the 
whole to a temperature at least as low as that of the surfoce. 
And this equalisation of temperature by means of such cur- 
rents, ia an operation of a much more rapid nature than tha 
Blow motion of conduction by which heat creeps through a 
solid body. Hence, alternations of heatand cold, as day and 
night, summer and winter, praducs in water, inequalities of 
temperaturemuchsmallectViantiiose which occur in a solid 
body. The heat eommufiicated ia less, for transparent flu- 
ids imbibe heat very slowly; and the cold impreaeed onths 
surface is soon di^eed through the mass by internal circu- 

Hence it follows that the ocean, which covers BO'Iarge a 
portion of the earth, and affects the temperature of the whola 
aurfaee by its influence, produces the effect of making the 
altemationa of heat and cold much less violent than thsy 
trould be if it were absent. The different temperature! M 
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its upper and lower parts proiluce a current which draws 
the seas, and by means of the seas, the air, towarde the 
mean temperature. And this kind of circulation is produ- 
ced, not only between the upper and lower paris, hut also 
betweendistanttractsof the ocean. The great Grulf Stream 
which rushes out ot the Oulf of Mexico, and rune across 
Ihe jitlanticlo the western shores of Europe, carries with it 
a portion of the tropical heat into northern regions: and the 
returning current which descends along the coast of Africa, 
tends to cool the parts nearer the equator. Great as tha 
diflerence of temperature is in different climalos, it would 
be still greater if there wers not this equalizing and mode- 
ratuig (lower exerted constantly over ihe whole sui-bce. 
WiUioul this influence, it ie probable that the two polar 
portions of the earth, which are locked in perpetual ice and 
snow, and almost destitute of life, would be much increased. 
We find an illuatratioii ot this effect of the ocean on tem- 
perature, in the peculiarities of the climates of maritimo 
tracts and islands. The olimala of sach portions of ths 
earth, corrected in some measure by the temperature of the 

eame latitudes di^rently situated. X^imdon is coaler in 
summer and warmer in winter than iWs, 

2. Water expands by heat and contracts by cold, as has 
■■--- ilready said; and in consequence of this property, the 



coldest portions of the. fluid generally occupy the fowi 

iHuTa. The contmued progress of cold produces ' 

If, therefore, the law lust mentioned had bee: 



true, the lower parts of water would have been first frozen ; 
and being once frozen, hardly any heat applied to the eur- 
ikce could have melted thent, for the warm fiuid could not 
have descended through the colder parts. This is so iar the 
casi^ that in a vessel containing ice at ^e bottom and water 
— i r..._.i__j r. -"leuppstfluiiiijoiiviithoutthaw- 

ervrith respeet to heat operating in 

II lakes and seas. They Would nil hi 

LS frozen. We couldl 

ch pools on the usrfoces of these ice reso 

it sun could thaw, to be again fioMn ic 
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tbe fint IroBly night. The law of Ihe regulai 
of waler br cold till it became ice, would, IheiEjore, w, ue- 
BtrucliTa of all the utility of our seas and laitea. How is 
this ineodvenience obviated J 

It is obviated by a moditicatiDn of the law which takes 
placB when ihia t«inpecalure approaches ihia limit. Water 
contracts by the increase of cold, till we come near the 
freezing temperatutej but then, by a further increase of 
cold, it contracts no more, but expands till the point at 
which it becomea ice. It contracts in cooling down to 40 
liegreea of Pnhrenheit's thermometer ; in cooling further it 
e:ipsnda, and when coaled to 32 degrees, itfreeiLce. Hence, 

at inis lemperalure, or nesi it, will lie at the boliom with 
cooler water or with ica floatuig above it. However muoli 
the eurfacB be cooled, water colder than 40 cannot deacend 
to displace water warmer than itaelf. Hence we can never 
have lee formed at the bottom of deep water. In approach- 
ing the freezing; point, the coldest water will riae to thesur- 
fece, and the congelation will take place there; and the 
ice BO formed will remain at the surface, enpoaed to the 
warmth of the aunbeams and the air, and will not survive 



any long continuance of auch ai 
Anut.er peculiarity in the lawe which regulat 
:r is, that m ths very act of free 



ihec Budden and conaiderable expansion takes place. Many 

K'EOns will have known iaalancsB of vessels buret by the 
eaing of water in them. The consequence of this enpati- 
sion is, that the specific gravity of ice is 1 ese than that of 
water of any Temperature ; ana it therefore aJwaya floats in 
the unfrozen fluid. If this expansion of GryBtalliiatioii did 
not exist, ice would float in water which was below forty 
degreea, but would airik when the fluid waa above that tem- 
perature : as the case is, it floats under all clrcumetanera. 
The icy remnants of the etfecta of winter, which the river 
earriea down its stream, are visible on its aurfeoe till they 
melt away ; and (he icebergs which are detached from tbe 
chores of the polar seas, drm alon^, exuosed to the sun and 

~ f the efliicl of temperature on water ara 
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it thus equalizea the temperature of various timefl and 
pliuiea i but if its conttaolioii were continued all the way to 
the freemne point, it would bind a great part of the earlli in 

pansion, in a manner which but aiightly mcdifies the former 
efteciB, while it completely obviates the bad consequenoea. 
The further expcnsHin which takes place at the point of 
freezing, still further facilitates the rapid removal of the icy 
chains, in which parte of the earth's surface are al certain 
seasons bound. 
We do not know how far these laws of expansion are con- 

pertiee of tbis fluid, or of all fluids. But we nave no rea- 
son to believe that, by whatever means they operate, they 
are not laws selected from among other laws which might 
exist, as in fact, for other fluids other laws da exist. And 
we have all the evidence, which die moat remarkable fur- 
therance of important purposes can give ua, that they an 
selected, and selected with a bene^ial design. ' 

3. As water becomes ice by cold, it becomes steam by 
lieaL In common ianguBge, steam is the name given to 
thevapourof/ioi water; but m fact a vapour or ateam rises 
from water at all temperatures, however low, and even 
from ice. The expansive force of this vapour increases ra- 
pidly as the heal increases ; so that when we reach the heat 
of boiling water, it operates in a far more stnking manner 
than when it is colder j but in all cases the surface of wa- 
ter is covered witti an atmosphere of aqueous vapour, the 
pressure or teiwion of which is limited by the temperature 
of the water. To each degree of pressure in steam there is 
a, constil-iient lemperahire corresponding; If the surface 
... ; .,gg|j ii^ vapour with the force th— ■ — 



such vapour with thai of our common atmoaphefci the 

tressure of the latter is measured by tile barometricid co- 
imn, about thirty inches of mercury; that of watery va- 
pour la equal to one inchol mercury at the constituent tem- 
perature of 80 degrees, and to one-fifth uf an inch, at the 
temperature of 33 degrees. 

Hence, if that part of the atmosphere which consists of 



ihilated, there would atili n 
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staiOBphere of aqueous vapour, arising from the walets and 
moisl parts of Ihe eerih ; and in the exieting elate of things 
Ihjii vapour rises it! Che BtmsBpliere of dry air. Its dislri- 
butioQ auu ell'ects are materiallj influenced by the vehicle 
in which it is Ihus carried, as we shall hereafter notice; but 
at )>resent we have to observe the exceeding iitSity of wa- 
ter in this shape.. We remark haw suitableand indispens- 
able to ihe well being of creation it is, that the fluid should 
possess the property of assuming such a form under such 



essential use to vegetable life.* 'The leaves of living plants 
appear to act upon this vapour in iifi elastic form, and to 
absorb it. Some vegetables increase iti weight from this 
cause when suspended in the atmosphere, atid unconnected 
with (tie soil, as the hoose-ieek and the aloe, in very in- 
tense heal^ and when the soil is dry, the life of plants 
seems to be preserved by the absorbent power of the leaves." 
il follows from what lias nlready been said, that, with an 
increasing heat of the atmosphers, an increasing quantity of 
vapour will rise into it, if supplied from any quarter. Hence 
it appears that aqueous vapour is most abundant in the at- 
mofiphere when it is most needed for llie purposes of life g 
and thai when other sources of moisture are cut off, this is 

4. <Smicls are produced by aijneouE vapour whan it re- 
turns to the state of water. This process is cotufen^afion, 
the reverse of evaporation. When vapour on lets in the at 
mosphere, if in any manner the temperature becomes lower 
than the amttUvent temperatwre, requisite for the mainte- 
nance of the vapoury stale, some of the steam will be con- 
densed and will become water. It is in this manner that 
the curl of steam from the spout of a boiling teakettle be- 
comes visible, being cooled down as iirushes to the ^r. The 
steam condenses into a fine watery powder, which is carried 
about by the i litis aerial currents. Clouds are of the same 
nature with'such curls, the condensation being generally 
produced when air, charged with aqueous vapoi.r, is mixed 
with a colder Current, or lias its temperature diminished id 
any other manner. 

- Loudon, 1219. 
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thal plants grow 
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refreshed by being watered in cloudy than m clear weather, 
lu the latter case, probaoi/the suiply of fluid la too rapidly 
carried oifiiy esaffOi'alion. CloudB also moderate the alter- 
natiotiB at [emperature, by checking the radiation from the 
earth.' The coldest nights are IJiaee which occur under a 
cloudless winter sky. 

The uses of clouds, therefore, in this stage of their his- 
tory, are by no means inconsiderable, and aeem to indicate 

a viow to the purposes of organiied life. 

5. Clouds produce rojn. Lnthe.formationof acloud the 
precipitation of moisture probably forms a line watery pMi- 
deVf which remains suspended iti the air in consequence of 
the mtnuieiiesa of its particles; hut if from .any cause the 
precipitation is collected in larger portions, and becomes 
driyps, theap descend by their weight, and produce a 

However rain is formed, it is one of the consequences ot 
Che capacity of evaporation and condensation whieli belongs 
to water, and its uses arethe result of the laws of those pro- 

tobe described. It is evident that on its quantity and disu-i- 
bulion depend in a great measure the prosperity of the vege- 
tablp kinjjdom: andtliHerentclimatesareiittedfor different 
productioiis, !ia less by the relations of dry weather and 
Bhowers, than by those of hot and cold. 

6. Returning be 

apparently froien vapour, aggregated by a confused action 
of crystalline laws ; and ice beinK water in its fluid state, so- 
Ildifiadbythe same cry stallina forces. The impression of 
Uiese agents on the animal feelings is generally unpleasant, 
&nd we are in the habit of considering them as sythptoms of 
llie power of winter to interrupt thai slate of the clcinenti, 
in which they are subservient to life. Yet even in this form 
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lh«]r ore not wilbciul; their uaos.* " Snow and ice aje bad 
eoniluctors of nold ; and wlien the ground ia covered with 
unoff, or the aurfece of the Boil, or of water ia frozen, the 
roots or bulbs of plants beaeEith are protected by tJ LB congealed 
water from rte influence of the atmosphere, the temperaturB 
(rf whifih, in northern winters, is usually very much below 
the freezing ooim ; and this water becomeo the first nourjah- 
Dusnt of tile plant in early spring. The enpanaion ot water 
during its congelation, at which lima its volume iiicreasea 
one-tweirth, and its contraction in hulk during a thaw, tend 
to pulvenze the soil, to separate Ita parts from each other, 
and to make it more permeable to the influence of the air." 
In consequence of the same slowncsa in the conduction of 
heal which anow thus poBsesaea, the arctic traveller finds 
his bed of snow of no ioujlerable coldneaa : the Eaquimaui 
is sheltered from the inclemency of the season in hia snow 
hut, and travels rapidly and aa;reeably over the frozen sur- 
fiioebflhesea. The uses of those arrangements, which at 
first appear productive only of pain and inconvenience, are 
-well suited to give confidence and hope to our researches 
for such usefulness ii _ . . . 



■ery part of tha creation. They 

.._. _.,._. inaddirr-- " ■■ — ■ — 

Bality to. our perception of beneflcit 



a peculiar value in adding connexion ai 

_~„„,:,.K „F ^"-"eficiaT design. 

stSl (oben. 



:t they do not take place suddenly whan 
■wa mcraase me iieot to this degree. This is a very cutIoub 
arrangement. The temperature rrnUcea a etand, ae it ware, 
«tthe point where thaw, and where boiling take place. It 
is necessary ic apply a considerable qnanlity of heat tg pro- 
duce these efiects; all which heat diaappears, or becomes 

tt tlawing mass of ice, till we havetlmwed iJie irtiole. We 
cannot raiae the temperature of boilmg water, or of steam 
rising from it, till wa Have eonvarted all the water into steam. 
Any heat that we apply while these changes are going on 
isabaorbed in producing the changes. 

The conaequencea of this property of fatenifteot Bravery 
important. It is on thia account that the changes now 

* Lnndon, 1214 
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be matantajieous ; al Ihe flcBllOLicliof wuriulh, all the aoovr 
vibich lias on the roofa of our houseB would descend like a, 
waur spout into the street* : all that which reete on the 
ground would rush like an inundation into the water ooureee. 
The hut at the Esquimaux would \i«uiBh like a tioues in a 
pantominiai the inyHogr of the river would be gone without 
giving any warning to the ekaitar or the traveller: and 
when; in healing our WBler, we reached the boiling point, the 
whi^e fuid would "flash into aleani," (to use the expree- 
Bion, of engineers,} and dissipate iteelf in the atmosphere, or 



that those ehansae should be of a more gradual and n... 
nageable hind than auch aa we have now described. ITet 
this gradual progress of freezinR and thawing, of evapora- 
ilnn anA ooudeneatioo, is produced, so far as we can discover, 
. iticular contrivance. Like the freezing of water 
re top, or the floating of ice, tjie moderation of the rale 
01 tneae changes seems to be (be result of a vUdation of a 
law ; that is, am simpis rule regarding the effects of change 
of temperature, which at firat eight appears to be the law, 
and which from its simplicity, would seem lo us the most 
obvious laws for these as well as other cases, is modified at 

effects : — ^why may wa not say in order lo produce such 
effects? 

8. Another office of water which it diaohargea by means 
of its relation to heat, is that of supplying our springs. 






)r from the si 

Rubterraneous filtration, are erroneous and untenable. The 
quantity of evaporation from water and from wet ground is 
found to be amply sufficient to supply the rejuisiie draip. 
Mr.Dalton calculated* that the quantity of ram which falls 
in England is thirty-six inohesa year. Of this he reckoned 
that thirteen inches flow off to the sea by ihs rivers, and that 

' Manchester Itfeniolrs, v. SBT. 
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the remaining Iwenty-three inches ere raieed again from 
Iha ground by e,vaporation. Tlie thirteen indue of waicr 
eie of cburae supplied by evaporation from the eea, and uro 
carried back lo tlie land ihTOugli ttie aimospkera. Vapour 
is perpetually rising from tile ooean, and ia condenaed in tlie 
hills and h^h lands, ihrougli their pores and crevices de- 
scends, till It \a deflected, Collectejt, arid conducted out to the 
bay, by some stratum or channsl whicb is watertight. The 
condenaation which takes place ui the higher pans of the 
country, may easily be recognised in the mists and rains 
Which are Uie frec[uent oceupanta ofauoh regions. The 
coldness of the atmosphere and other cauEcs precipiiate the 
moisture in clouds and showers, and in the lormer as well 
83 in the. latter shape, it is condensed and absorbed by the 
cool ground. Thus a perpetual and compound circulatbn 
of [he waters is kept up; a narrower cucle between the 
evaporation and precipitation of the land ilseif, the rivers and 
streams only occasionally and partially forming a portion Of 
the circiiit ; and a wider interchange between the sea and 
the lands which feed the springs, the water ascehduig per- 



lation have (heir regular, and nearly constant proportion. 
In this kingdom the relative quantities arc, as we have said, 
twenty-three and ihirleen. A due distribution of these cir- 
culating floida in e*ch country appears to be necesBary to 

We-tove every reason to believe Ihat it is kept up from year 
to year aa steadily as the chculation of the blood in the 
veins and arteries of man. It is maintained by a mEiohinery 
very diiKrent, indeed from that of the human system, hut 
apparently as well, and, therefore, we may aay as clearly. 

By this machinery, we have a connection established be- 
tween theatmoepheriochahgesof remolecouiilries. itaina 
in England ai:e oiten introduced by a south-east wmd. "Va- 
pour brought to us by such a wind, must have been gene- 
rated in oouiitriea to Ihesouth and east of our island. It i^ 
therefora, probably, in the extensive valleys watered by the 
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Meuee, the Moselle, and ths Rhine, if not from the mote 
disUmt, Elbe, w'th ths Oder and the Weser, thai the water 

form our clouds, and pout down our ihunder-showera." 
" Drought and Eunshine in one part of Europe may be a> 
neeeaaary to the produotion of a wet Seaaon in another, as 
it is on thegreat scale of the continents of Afn(^a and South 
Ametica ; where the plains during one half the year, are 
burnt up, to feed the springs of the mountain ^ which in 
their turn conltibut* to inundale the fertile valleys and pre- 
pare them for a luxuriant vegetation."* The proRcrtiea of 
water which regard heat make one vast iBoiering engine 
f the atmosphere. 



CHAPTER X. 

T%e Laws qfBeat with Ttspect to Air. 



part of the almoephere. The aqueoua part is, howeveJ 
*ery small part only ; it may vary, perhapa, from leas tliou 
1-lOOdth tp neatly aa much as l-20th in weight, of the whole 
aerial ocean. We have 10 offer some eoneiderations with 
.■egatd to the remainder of the masa. 

1. In the first place we mayobaerve that ths aerial at- 
moephere is necessary as a vehicle for the aqueous vapour. 
Salutary as is the operation of this laet element to the whole 

anawerej iCB purpoeee if it had been administered pure. It 
requires to be diluted and associated with dry air, to make 
it serviceable. A little consideration will show this. 

TapOsir which arisee from its watery parts : and it we sup- 
prst also the equatoiial pane of the globe to be hot, and the 
polw pana cold, we may easily see what would be the con- 
K4U«ni;e. n>s Travsra a> the equator, and near the equa- 

■Htvm-u ^Vck'of-.'LffM---,-; 11. s 81* «T, 
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tor, would produce st _ 
tempefatuTei than that which occupies the region 
poleiCBTdsi and Boch eteam, bb it came in coniactwith ihe 
colder vapour of a higlier latitude, nould be preCipiiated 
into the Soita of wateri Hence there would be a petpemal 
Ouirent of ateam from the equatorial parts towards each 
pole, wbich would be condensed, would fsill to the eurface, 
and flow back to the equator in the form of fluid. We should 
have a circulation which might be regarded as a specieB 
of regulated distillation.* On a globe so constituted, the 
sky of the equatorial zona would be perpetually eJoudleBB, 
u... ; — 11 ^.1. _....:...< 1 — ij 1. — ■^terruptecl 



but in all otb 


,er latitudes we should have an uni 


Bhroud of clo 


"%,S.Sfri:sS,'ft;; 


fejlofsnow. 


of the ourrei 


Its of the ocean from each pole n 



equator. Wei 

tute, but no SI 

ia the JtilenBily and appeemnces ol 

■howsr. 

It is plain that this stale of things would but ill aiiswei 
the ends of vegetable and animal life i so that even if the 
lungs of animals and the leaves of plejiw were bo construct- 
ed as to breathe steam instead of air, an atmosphere of un- 
miiced ateam would deprive those creatures of most of the 
other external oonditicus of their well b{- - - 

moderate guawity, 



gives rise to results very diflf 



produced is not a 
of tiie leeaOier, and therefore the reader will not be surprised 
to flnd it tohoompleit and apparently uncertain initBWork- 
ine. At the same lime some of the general principles which 
to be pretty well made out, and lliey 
:e of beneficent arrangement, 
ueaiaes our atmosphere of aqueous vapour, me have ano- 
ther and iar larger atmosphere of common air; apermo- 
ntTdiy eUtalic fluid, that ie, one which ie not condensed into 
a liiiuid form by pressure or cold, such as it is exposed to 
IB ttiB order of natural events. The preBBure of.the drysir 
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is about twenty-nine mid a half inohes of mercury ; that of 
the watery vapour, perhapa, half an inch. Now if wb had 

ail, we can trace in a great measure what woiud be llie re- 
Bulls, supposing Btili the equatorial zone to be hot. and the 
temperature of the surface to decrease perpetually as we 
adTance into higher latitudes. The air at the equator would 
be rai'iiied by the heat, and would be perpetuaB; displaced 
jjslow by the deneer porliona which belonged lo cooler lali- 
tudee. We should Iravea current of air from theequawrto 
the poles in the higher regions of the atmosphere, aud at 
the surface a returning' current setting towards the equator 
to fill up the void 90 created. Such aerial currente, com- 
bined with the rotatory motion of the earth, would produce 
iriilique winds ; and we have in fact instances oi' winds ao 

Eroduced, in the trade winds, whir.h between the tropics 
low constantly from the quartBrs between east and north, 
and are, we. Itnow, balanced W opposite currents in the 
higher regions. The efieol ofalieatad suffaee of land 
would he trie same aa that of the heated zone of the equator, 
and would attract to it a sea breeze during the day time, a 
plienoiuenon, as we also kviow, of perpetual occurrence. 

Now a mass of dry air of auoh a character as this, ia by 
far the dominant part oT our atmosphere; and hence carries 
with it in ita motionsthethinnerand smaller eddies of aque- 
is vapour. The latier fluid may be considered as perme- 

. _ ... ;....;_ .t. ;_. --ea of the former, as a spring 

.■oelt.* The lower current 
laid, direclsd towards the equator, and 
henea it resists the motion of the steam, [he tendency of 
which is in the opposite direction ; and prevents or much 
retards that continual daw of hot vapour mio colder regions, 
by which a constant precipitation would take place in the 

lings, the flow of the current of air, 
cdder place into a warmer region, 
B retarded or stopped, the aqueous vapours will now bS 
ble 10 malte their way to the colder point, where they will 
a precipitated in clouds or showers. 
Thus, in the lower pate of the atmosphere, Uiere are ten- 



ding m the ini 
■s tlirough a 
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vapour in the opposita; and these tendencies esiat in the 
Rverege wewher of places snuated at a moderate liialaiiCB 
from the erjuator. Tha air tenJs from the colder to tliB 
WBtmet parla, the vapour from cue warmer to the colder. 

The various distribution of land and eea, and many other 
causes make these currents far from simple. But in gene- 
ral the air current predominataB. and keeps the skies clear 
and the moisture diSBolvM, Occasional and irregular oo- 



)irccipltatcd, the skies ara clouded, and clouds may descend 

These alternations of fair weather cmd showere, appear to 
be much more favourable to vegetable and animal lile than 
■ Er could have been. To pro- 



struggle of which Bueli changes occur. Steam and air, 
two traneporent and elastic fluids, expanaibla by heat, are 
In many reappcta and properties very Blteeacii other. Yet, 
the same heat similarly applied to the globe, produces at the 
aiirface currents of tnese fluids, tending in opposite direc- 
tions. And these currents mix and balance, ccnsplte and 
interfere, ao that our trees and fields have alternately water 
and sunshine; our fruits and grain are successively deve- 
loped and matured. Why should such laws of heat and 
elastic fluids m obtain and be so combined 7 Is it not in or- 
dei that they may be fit for such oiEcos? There is here an 
arrangement, which no chance could have produced. The 
details of this apparatus may be beyond our power of 
traoine, its springs mcy be out of our sight. Such cir- 
oumatances do not make it the less a curious and beautiful 
con'nvance they need not prevent our recognizing the 



re of the air. It bacomea much colder, 
'8 feelings tell them this ; and tho 
ter confirm these indicatiDUs. And 



a, the property which we 
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have mentioned mi 

But [hey would diminjaii at very different rales. The tem- 
perature, for instance, wmilQ decrease much more rapidly 
Kir the same height in dry air than in Bteani. Jf we begin 
with a temperature of 80 riegreea at the surface, on ascend- 
ing five thousand feet the steam is still 76 1-3 degrees, the 
air is only 64 1-2 degrees ; at ten [houaand fee!, the steam 
IB 73 decrees, the air 46 1-2 degteeaj at fifteen thousand 
feel^ steam ia at 70 degrees, air bub fallen below tJie freeij- 
ii^ pomt to 31 1-2 degrees. Hence these two atmosphetes 
cannot exist togethsr without modifying one another i one 
must heat or cool the other, so that the coincident parte 
may be of (he aatee temperature. This aecorrlingly daea 
tafee place, and this effect influences very greatly the oon- 
Btitution of the atmosphere. For the mt^ pan, tlie steam 
is compelled to accommodate itself to the temperatureof the 
air, the latter being of much the greater bulV But if the 
upper parts of the aqueous vapour be cooled down to the 
temperature of the air, they will not by any means enert 
on the lower parts of ihe same vapour bo great a pressure ae 
the gaseous form of these could bear. Hence, there will 
be a deficiency of moisture in the lower part of the atmoB- 
phere, add if water esist there, it will rise by evaporation, 
the surface feeling an insufficient tension j and there will thus 
be a fresh suppl; of vapour upwards. Afl,however,lhe up. 
per regions already contain as much as their temperature 
will support in the stale of gaa, a precipitation will now 
take place, and the fluid thus formed will descend till it ar- 
rives ma lowar region, wherethe tension and temperature 
Eie again adapted to its evaporation. 

Thus, we can have no equilibrium in such an atmosphere, 
but a perpetual circultuion of vapour between its upper and 
lower parts. The currents of air which move about in dif- 
ferent directions, at dillerent altitudes, will be difierently 
ehaiged with moisture, and as they touch and mingle, lines 
at cloud are formed, which grow and join, and are spread 
out in floors, or rolled together in piles. These again, by an 
additional acceaaion of humidity, are fonned into drops, and 

porated in their fall, reach the surface of the earth. 
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Mid extend their own variety. The aecending etreoms of 
vapour carry with them thai latent heat belonging to their 
giuenuB stale, which, when they are conilensed, Ihey give 
out as sensible heal. They thus raise the temperature of 
Che upper regions of air, and oceasion changes in the prea- 
Bure cmd motion of its currents. The clouds, a^s.in, by 
shading the surface of the earth from the sun, diminish the 
evaporation by whieh their own substance is supplied, and 
the heating' eifeets by which currents are caused. Even 
the mere truchanical effects of the currenls of fluid on tlia 
distribution of its own pressure, aiid the dynamical condi- 
tions of its motion, are in a high degree ai^struse in their 
principles and complex in their results. It need not be 
wondered, therefore, if the study of this subject is very diffi. 
oult and entangled, and our knowledge, after ail, very im- 

In the middle of b3J this apparent contusioH, however, wa 
can see much that we can understand. And, among, other 
things, we may notice some of the consequences of the dif- 
ference of the laws of temperature tijUowed br steam and 
ay air in going upwards. One important result is that tha 
atmosphere is much drier, near the suijacs, than it would 
have been if the ISiWS of density and temperature had been ' 
the same for both gases. If this had been so, the air would 
always have been BotUTOled with vapour. It trould have 
contained aa munh aa the esistmg temperature could sun- 
cooling of any object would hi 
verMl it with a watery fflm In ' , 

tarns much less than its full quantity of vapour : we may 
often cool an object, ten, twenty, or thirty degrees without 
obtaining a deposiUon of -water upon it, or reacKinfr the rfeie. 
poiTii, as it is called. To have had el 
of the atmosphere as the former arrangemi 
produced, would have been inconvenient, and so far as we 
oan judge, unsuited to vegetables as well aa animals. ]No 
evaporation from tile surmce of either oould have taken 
place under such conditions. 

The sizes and forms of clouds appear to depend on tha 
same circumstance, of the air not being saturated with moia- 
ture. And it is seemingly much better that clouds should 
be eompatatively small and well deflned, as they are, than 
that they should M vast depths of the almosphets tvilh a 
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theif differenoe giving risa to a new aetof reaulls, 

in their nature and benefiwal in tlieir tendency, The /in™ 
of the laws of air Mid eteam with regard to heel "ligl'it, go 
far aa we can aee, have beea more sunilar, or more diBsami- 
lai\ than it now ie : the rale of each law mij^lithave hud a 

the relation of the two. By the laws having such forms 
and Buch rates aa they have, efieclB are produced, some ol 
which we can diatinelly perceive lo ba beneficial. Perhaps 
most persons wCli feel a strong perauasion, that if we under- 
stood the operation of these laws more distinctly, we should 
Bee BtiU more clearly the beneficial landency of these efifecia, 
and ahoijld probably discover othera, at preaant concealed m 
the apparent perplexity of the subject. 

3. From what has been said, vik may see, in a general 
way, both the cauaea and Ihe ofFecla oSiirinds. They arise 
from any disturbance by temperature, motion, pteeaure, &c. 
of the equilibrium of the alinoapbere, and are the eftbrts of 
nature lo restore the balance. Their oSce in the economy 
of nature ia to carry heat and moisture from one tract to 
another, and they are the great agents in llie distribution of 
temperature and the changes of weather. Other purposes 
might easily be ascribed to them in the business of the ve- 
getable and animal Icingdoma, and in the a^s of human life, 
of which we shall not here treat. That character in which 
we now consider them, that of Ihe machinery of atmosiihe- 
ric changes, and thus, inunediBtely or remotely, the instru- 
ments of atmospheric infliisnces, cannot weU be refused 
them by any person. 

4. There is still gne reflexion which ought not to be omit- 
ted. All the changes of the weather, even Uie most violent 
tempests and torrenls of rain, may be considered oa osedla- 
Ikms about the meanoravernge condition belonging to eacii 
place. All these oscillations are limited and transient; th« 
Btorra spends its fury, the Jnundation passes off, the sliy 
clears, the calmer course of nature succeeds. In the forces 
whioh produce this derangement, there ia a provision iai 
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making it short and moderate. The osciliation Btopa of il- 
aeif, like the rolling of a ehin, when no iDOEer impelled bv 
the wind. Now, u-hv should liiisLe so ■? Why should thn 
slhythecor "" 

ttch other, bai ^ 

__3„ p JO under all si 

rangeiiiental Is it a matter of mechanicBl neooasity that 
dlBUrbance must end in Ihe reBtoralion of the medium con- 
dition 1 By no means. There may he an utter subversion 
of Ihe etjuilibriam. The ship may toll too lar, and capHze. 
The oscillations may go on, becomuig larger and larger, 
till alUraee of the origmsl condition isloat; tiU new forces 
of inequality and diatucbanee are brought into play; and 
disorder una irregularity may succeed, without apparent li- 
mit or checlt m its own nature, like the spread of a oonfla- 
gralion inft city. This is a posaibihty in any combination of 
mechanical forces ; why does it not happen in the one now 
before UB J By what good fbrtuns are the powers of heal, of 
vmijT. nf Bleam, of air, the effects of the earth's annu^and di- 
ctions, and probably other causes, so adjusted, that 

„._alUl: --■- -' '—■---' '■■—'-' — -— 

lhewhoie,ao, ^ 

of the weather never utterly deranged, ite uaiaiico lusi mv 
coverably 1 Why is there not sn eternal conflict, such as the 
poetaimagioeto take place in their chaos? 
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, - - =, _ , Hot 

Coid, and IMoiBt and Dry had not been compelled to 

"run mlo their places." It will be seen, that in the compa- 
raUvely simple problem of the bqIbt ayalem, » number of 
very peculiar adjustments were requisite, in order that Ihs 
flvatem might retain a permanent form, in order thai its mo* 
tiaaa might have their cycles, its pertiurbatioha their limlta 
uid period. The problem of the continuation of such laws 
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and matenais as eiiwr into the constitution ofthe atmosphere, 

UB probably of iaaurmoantable diffieully as 'a mectianical 
problem. But aJl that iiiveatigation and analogy leach ua, 
tends to show that it will resemble the other problem in the 
nature of its result j and that certain relations rf its dato, and 
ofthe tawa of Its dements, are necessary requtaitea, for ee- 
outing the stability of iIb mean condition, and for giving a 
small and periodical ckaracter to its deviations from such a 

It would then be probable, from this reflection alone, that 
in determinins the quantity and the law and intenaity ofthe 
fiu-cee, of earth, water, air, and heat, the same regard has 
beeti shown to the permanency and stability of the terrestrial 
Bjiatem, which may be iracad in the adjuatment ofthe masses, 
diEtnncea, positions, andmotions of the bodies of the oelesiial 

This permanenoy appears to bej of itself a suitable ob- 
ject of contrivance. , The purpose for which the world was 
made could be answered only by its being preserved. But 
il has appeared, from the pracading paJtof (his and the for- 
mer chapter, that this permanence la a parmanence of a slate 
of things adapted by the moat renjarlcabla and multiplied 
combiuatmna to the well-being of man, of animals, of vege- 
tables. 'Phe adjustments and conditions therefore, beyond 
the reach of our investigation as tbej are, by which its pr- 
manence is secured, must be conceived as fitted to add, in 
each ofthe instancea above adduced, to the admiration which 
the several manifestations of Intelligent BenafiesDce are cal- 
culated to excite. 



CHAPTER XI. 

Tfe Linos ofElectrlaty. 

LECTHioiTi undoubtedly exista in the atmoaphere in 
t stales of the air ; but we know very imperfectly the 
I of this^gent, and are still more ignorant of its atmos- 
ic operation. The preaent state of science doeanotlhere- 
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fcra enable us lo pereeive those mlapUilions of its lawa to il9 
uses, n-hich we can discover in those cssee vhere Uie laws 
imcl ihe uara are both o! thsm more apparent 

We oan, however, easily make out that eleelricEd agency 
plays a very coneider^ile part among the clouils, in their 
UBiial cooditions and ohuieee. This may be easily Ehcwti 
by Franlilh^aezpBnmentoithe elecvrical kite. The clouds 
are aometlmes poBitirely, sometimea negatively, chEirgecl, 
and tbs ram Hirhich descends from them oU'ers also iniliea- 
tions of one or other tmd of electricity. The changes of 
wind and alceratione of the form of the clouds ate generally 
aixonipanied with changes in these elecuical indicuions. 
Every one knows Iliat a thunder-cloud is strongly charged 
with the electric fluid, (if it be a fluid,) and that the stroke of 
the lightning is an electrictU discharge. We may add that 
itappearu, ^ recent expetiroentB, i&t a transfer of electri- 
city between plants and theMmospIiere i3 perpetually going 
on during the process of vegetation. 

We cannot trace very eiactlj the precise circumstances, 

pend on the influence of liie laws of electricity : but wa are 
tolerably certain, from what has been already noticed, ^ac 
if these laws did not exist, or were very dilferent from what 
"■" " "' " ■ )f the clouds and winds, and the 

' ' also be other Elian it now is. 
e very prob^le that electricity 
iitLH iu appuuiitiu uiiu luiuurtant purposes in the economy of 
the atmosphere. And this being so, we may see a use in 
the thunder-storm and the stroke of the lightning. Theee 
violent events are, with regard to the electricity of the at- 
mosphere, what winds are with regard to heat and mbia- 

Bolved, and carry the fluid from places wlicre it ia auper- 
fluous, to others where it ia deficient. 

We are so constiiuisd, howcTer, thai these crises impreaa 
almost every one with a feehng of awe. The deep lower- 
11^ gloom of the thunder-cloud, the Cverwhelming burst of 
the explosion, the flash from which the steadiest eye shrinks, 
and tliehreaistiblc arrow ofthe lightning which no earthly 
substance can withstand, speak of somethirs feEirful, even 
uidependently of the personal danger which thsy may whis- 
ker. Tliey convey, far more than any olhet appearance 
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daea. the idea of a auparior and mighty power, manifeiting 
diBpleasure and ireaiening punishmeiit. Yetwa find that 
this is iMK the language which (hey speok to the phyeic^ 
inquirer i he Bees tViesa focmitlabie Bymptotns only ae Ihe 
means or the cooaetpiemee of good. Wiialofiice tlia thun- 
derbolt sjid the whirlwind may liave in Ihe moral vorld, 
we cannot here discuss: hut certainly he must epeculele 
ass &r hevond the iimlls of philosophy as of piety, who pre- 

ihan of good. In the natarai world, these apparetiliy des- 
ttuctire asenls are, like all the other movements and appear- 
ance of the atmosphere, parts of a great Bohemn. of whir.h 

every discoveraijle purpose '—■ — ■■'~ ' — 

well as wisdom. 



CHAi'TER XII. 

Tfte I/OHw of Ma^HBtiam. 

Maonetism, has no very obvious or apparently ej 
sive office in the mechanism of the atmosphere and the en 
but the mention of it may bs introituced, because its at 

lamed reiattona In the other powers w 

temsre well suited to show ua the < 

throughout the universe, and to check 

Buoh should arise, that any law of nature ia without it 

The parts of creation when these uses are most abacure, ai 

precisely those parts when the laws themselves are lea^ 

When indeed we consider the vast service of which maj 
netismiato man, by supplying him with that invaluable ii 
Btrumentthemarmers' compass, many i»rsona will requij 
no further evidence of this property being mtroduced ml 
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ilose a connaxion with galvaiiism, that lliey may he said 
IS almost different especta o! the same agent. AH the 
inomenB which we can produce with ms^nsls, we can 
late with coilfl of galvanic wire. That galvanism exists 
he earth, we need no proof. Electricity, which appears 
•e only galvaniBm in equilibrium, ie there in abundance ; 
Iracently, Mr. Foi' has shown by eiperiment that me- 
iferoue veins, ea they lie in the eaith, exercise a gal- 
lic influence on each other. Something of this kmd 
icipated; for maeeee of metalin contact. 



tba directive power of Ihe majnietie needle, we cannot here 
pretend to decide i they can hardly fiiil to affect it. The 
Aurora Borealia too, probably an eleut^Bl phenomenon, is 
said, under particular oircumalanoeB, to agilatu the mag- 
netio needle. It ia not surpriaing, therefi]re,-that, if electri- 
city have an imponant office in 3iB atmoaphere, magneliam 
should exist in the earth. It Eeeme likely, that the mag- 
netic properties of the eaith may be collateral results of the 
esiatence of the same cause liy which electrical agency ope- 
rates ; an agency which, as we have already aeen has im- 
portant offices in the proceaaea of vegetable life. And thus 
magne^m belonea to the same ayetem of beneficial conlri- 
vance to which electricity has been'already traced. 
We Bi ■ ■ - •' ■■- -^ ^- 

olher functiona ttian thoae 



CHAPTER Xlfl. 

The Prapertiea oflAght viitk regard to Vegetaliim. 
Thh illuminatingpowerof light will come nnder our co 
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done briefly. Light appears lo be as necesBury to the health 
of plaotB as air or moiBture. A plant may, indeed, grow 
WTihout i(, but it does not appetu that a species could be so 
conlinHefl. Under such a, privation, the parts which are 
usuhUt green, assume a wliiw colour, as ia the case wiih 
vegelables crown in a rellar, or prolecled by a covering ft* 
the Bake oiprodiicing this very efliict ; thus, celery, is in 
Uiis manner blanched, or ejulojeij. 

1^ part of the process of vegetable life for which %ht 
is especially essential, appears to be the functions of the 
leaves ; these ere aSected fay tliia agent in a very remark- 
able Manner. The moisture which plants imbibe le, by their 
vital energies, carried to their leaves j and ia then brought 
in contact with the atmosphere, whiflh, besides other ingre- 
dients, contains, in general, a portion of carbonic acid. So 
long as Hghi ia present, the leaf decomposea the carbonic 
acid, appropriates the carbon to the formation of its own pro- 
per juices, and returns the (hset^ged oiygen into the at- 
mosphere : thus restorinA the atmospheric air to a condition 

of animal lite. The plant thus prepares the support of life 
for other creatures at the same time that itabsorbsilsown. 
iffect that colour, 



bon and disengage ojtygen, hut 
iiBck: some of the carbon already 
sphere of oiygen for the purpose 

t such ef^ctB of light on 

. , ...ould occur, if that " ' 

.._d those organs, had m 

111 tile subject IS here introduced 
ore readily receive the conv^--— 
-■- iae, oti finding tt 



^ ;. which form the most ot 
peEUea of light. 
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CHAPTER XIV. 



Bbbidbs tiie flinclion vhif^ air dieehai'geB as Ihe great 
Bgent ill \im changes of meteorology and vegeittliqn, it haa 
aooiher office, also of great and exteneive importance, as 
the v^icle of Eound. 

of BOund Ihrough the air laheB 



place by m«« 
thing of whic 



'e yet Bcokea ; namely, hy lb 



gaiiuii of minute xibratiims ol the patticlea from one uan 
of the fluid maBstoanotlier, ifithout any local motion of the 
auid itself. 

Perhaps we may moet diBtinctly conceive the kind of ef- 
fect here spoken o^ hy comparing it to the motion produced 

vel visibly over the field, in the Erection m which Ihe wind 
blows, but this appearance of ail object moving ib delusive. 
The only real motion is that of the earn of gram, of which 
eacb saei and returns, as the stalk sloopa aJid recovers it- 
self. This motion affects siHxeiHvdy a line of ears in the 
direction of the wind, and affeeta aimvltajianisly all those 
ears of which the elevation or deprewion forme one visible 
WBve. The elevations and depresaiona are propagated in a 
consUint direction, while the pens viith which the space la 
filled only vibrate to and fro. Of esaolly such a nature is 
the propagation of sound through the air. Tlie particles of 
air go and return through very minute apaces, and this vi- 
bratory motion nms throush the atmosphere from the sound- 
ing body to the ear. Waves, not of elevation and deprea- 
aion, but of condensation and rarefaction, are transmitted; 

' Another fomiliar instance of the propagation oS vibra- 
tions we have In Uie circles on the surfoce of smooth water, 
which diverge from the point where it is touched by a small 
object, as a drop of rain. In the beginning of a shower, for 
Instance, when the drops come dialmct, though frequenii we 

three ckae concentric circles, which grow and spread, leav. 
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of Ihe wa- 

.... jhniakealiierinH-fbrineS waves, paa- 

see IntD videc and wider circles, and mua [tie undulation is 
transmiued from iEa sEactiog-place, to points in all directions 
on the Burbce of the fluiil. 

The difiuaion of theEe ring-formeil undulatione ftom their 
centre resembles Che diffusion of a Eound from the place 
where' il ie produced to the points where it is heard. The 
disturbance, or yibration, by which it is conveyed, travels 
at the same rate in all directions, and the waves which are 
projiagiUedarehencoofacirciihirform. They difler, how- 
B™r( from those on the surface of water; for sound la coco- 
inunicaled upwards and downvrards, arid m all intermedmie 
diractioOs as well as horiaontallv i hence the viravea of sound 
ore spherical, the point whert 
thB centra of U- ■■ — 

■niia diffuaic . 

different from any local motion of ihe ah, as wind, and lo 
bamdependantof thai, Thschdea on the snrfane of water 
will spread on a civerwhichisfiowing, provided il be amooth, 
as Well as on a alandin? cimal. 

Not only are auch undulationa propagated almost undjaCujv 
bed by any local motion of the fluid m which they take place, 
but filao, rnajiy may be propagaled in the same fluid at the 
same lime, without diaturbing each other. We may seelhia 
ellect on waler . When several drops tall near each other, the 
circlea which they produce croas each other, witiiout either 
of ibem being lost, and the separate oouraes of the rings 
may still be traced. 

^11 these Qonsequflncea, both in water, in air, and in any 
other fluid, con be very exactly invesligaled upon mecham- 
cnl principles, and the greater part of the plienomena can 
thus be shown to result from the properties of the fluids. 

which ah answers its purpose aa the vehicle of souni^ of 
whish we will now point out a few. 

man purposes. Tlie or^na of speech can, in the present 
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tonltitulian cf the air, produce, witnaut faligus, eucn a, toiw 
of voice as ran be l^ard with diBiiDolnesa aod with comfort. 
That any great alteration in thia element might be incommo- 
dious, wa may judge frooi the difficulties lo which persona 
VB subject who are dull of hearing, and from the disagrea- 
Ue etecii of a voics much louder than usual, or bo low as 
to be rndiMinct. Sounds produced by llie hunmu orgi^nE, 
with other kinds of air, are very different from thoee in our 
common air. If a nian inhale a quantity of hydrogen gae, 

The loudness of sounds bscoioe smaller in proportion as 
they come from a greater distance. This enables ua la 
judge of the distance of objeei.a, in some degree at least, by 
the sounds which proceed from them. Moreover, it is ftund 
that we can judge of the position of objects by the ear : and 
thia judgment seems to be formed hy eomjlaring the loudnesa 
of the iRipression of the sams sound on the two ears and 
two sides of the head.* 

The loudness of sounds appears to depend on the extent 
of Tibration of the particles or air, and this is determined 
by the viUraliona of the sounding- bodb'. 

3. The pilah, or the diffirencea ofaiiate and grave, in 
mundg, farm another important property, and one which iita 
than for a great part of their purposes. By the succession 
of different notes, we have all the results of melody and har- 
mony in musical sound; and of intoriation and modulation 
of tlie voice, of accent, oadence, emphasis, expresaion, pas- 
sion, in speech. The song of birds, which is one of their 
principal modes of communication, depends chiefly for its 
distinctions and its significance upon the combiuatious ot 
acute and grave. 

These differences are produced by the different TapidUg 
ot vibration of the particles of ku-. The gravest stund has 
about eighty vibrations in a second, the most about one 
thousand. Between these limits eacii sound has a rauaical 
clmraeter, and from the different relations of the number o( 
vibrations in a second arise all the differences of musical in- 
tervals, coooorda and discords. 

i. The quality of sounds is another of their difiereneea. 
Tbiaia the name given lo the differenceof notes of the ttam 

' Mr, Qoagh in M>ncli, Mem, vol. v. 
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man from that of aiiolher : and it ismanifeatly therefore one 
of great conaequance j since it coimeote tliB,voice witii the 
paiticulaJ' peraon^ and m almoat necesearj in order that lan- 
guage may be a medium of intereourBe ijecween men. 

6. The arUcalate ctiaracler of sounds is for ub one of the 
moat imponant atrangemenls which exitt in the world i for 
it ia by this that Ihey become the tnlerpraiera of Ihoughti , 
wdl and teeling, the oieaiiE by Which a person can convey ' 
hie wants, his inalructiona, hia promises, his kindness, to 
others ; by which one man can regulate the actions and in- 
fluence the convictions and judgments of another. It is in 
vhlue of the poesibility of shaping Eiir into words, thai; the 
unperceptiblfc vibrations which a man prodooes in the atmos- 

Chere, become some of his most important actions ; the 
mndotions of the highest moral and social relations ; and 
(he condition and instrument of. all the advancement and im> 
provement o( which he is susceptible. 

It appearo that the differences of articulate sound arise 
from the different form of the cavity through which the 
sound is made to proceed immediately qfter being produced. 
In the humen voice the sound is produced in the larynx, 
and modiiied by the cavity of the mouth, and Ihe various or- 
gans which surround this cavity. The laws by which artj. 
cu!ato Bounds are thus produced hava not yet been fully de- 
Telnped, but appaar to be in the progress of being so. 

Tho propeniei of sounds which have been mentioned, dif- 
ferences of Joudnese, of pitch, of quality, and articulation- 
appear to be all requisite m order tliat sound ahall answer, 
ita purposes in the economy of animal and of human life. 
And how was the air mads capable of conveying these four 
drirereneee, at the same time that the organs were made ca- 

n'je of producing them1 SurelybyamostreHned and skill- 
adaptation, applied with a moat comprehensive design, 
fi. ^ain ; ia it by chance that the air and the ear exist to- 
gelher? Did the air produce the organiiftlion of tlie earl 
or the ear, independently organized, anticipate the conatitu- 
tionof the Btmospheref Or is not the only intelligible ac- 
count of the matter, tJiia, that one was made for ifie other : 
that there is a mutual adaptation produced by an Inlelligence 
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, _ _. birda might communicate by fiong, that men might 

■peak and hear, and that language might play its extraor- 
dmary pad in its operalione upon men s thoughts, actious, 

The.vibrations of an elEuitio fluid like the air, and their 
properlies, Ibllow from the laws of motion ; and whether or 
not these laws o£ the motion of fluida might in reality have 
been other than they ate, thay appear to us mBenarably con- 
nected with the eiialence of nialler, and as muoh a thmg of 
necessity as we can conceive any thing in the universe to bo. 
■The propagation of Euoh vibrations, therefore, anfl their pro- 
perties, we may at present sJlsw to be a iteceseary port ot the 
constitution of the atmosphere. .But what is it that malies 
these ribraliona to become sound 1 How is it that they pro- 
dues such an effect on our senses, and, through those, on 
our mindsl The vibrations of the air seem to be oT thern- 
selves no more ^tted to produee sound,than to produce smeJ). 
We know that such vibrations do not universally produce 
Boun^ but only between certain limit*. When the vibra- 
tions are fewer than eighty in a second, they are perceived 
as separate throbs, and not as a continued sound; and there 
is a certain limit of rapidity, beyond which the vibrationa 
become inaudible. Thie limit is different to different ears, 
and we are thus assiued by one person's ear that there are 
vibrations, though to that of another they do cot produce 
sound. How was the human ear adapted so that its per- 
ception of vibrations as sounds should fall within the limits 1 
— the very limila within which the vibrations fall, which it 
moat concerns uato perceive; those of the human voice for 
instance i How nicely are the organs adjusted with regard 
lo Ihe moat minute mechanical motions of the elemental 
G 
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CHAPTER XV. 
The AlmoBpheTe. 

pertieB &nd operaliona of the atmosphere, and have found 
Ihem separately very curious. BiU an odditiono.! interext 
belongB lo the subject when we consider them e,s combined. 
The atmosphere under this point of viewmUEl appear a con- 
trivanceof the most ejttraorainary kind. Toansweranyof 
its purposes, [ooanyon any of its processes, separately, re- 
quires peculiar arrangements and adjuslnienls ; to answer, 

3omaQydifierenttraina,implies powers and attributes which 
can hardly tail to e^te in a high degree our admiratiun 

If the atmosphere be eoneidered as a last machine, it is 
difficult to form any just conception ot the profound skilL and 
eomprehensiveneas of design which it, displays. It diffuses 
and tempera the heat of dMerent climates; hir this purpose 
it performs a eiroulation occupying the whole range from 
the pole to the equator ; and while it is doing this, it exe- 
cutes many amalfer circuila between the sea and the lajid. 
At, the eante. time, it is the means of filming clouds and 

'ery part of the almoaphere goes on between its lower and 
upper regions. Besidesthiscomplicationof circuits, iEen- 



and multiplied activity discharges only a part of the func- 
tions of the air. It is, moreover, the moat imporlant and 
universal material of the growth and sustenance of plants 
and animals; and is for this purpose every where present 
and almost uniform in its quantity. With all its local mo- 
tion, it has nlso the oHiee of a medium of communication 
between intelligent oreatures, which olBce it performs by 
another set of motions, entirely different lioth from the cir- 
eirculation and the occBsional raovemenia already mention- 
ed) ttiese diSerent kinds of motions not mlerferuig mntcri- 
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ill? with each other ; and this last purpose, bo remote from 
the others in its nature, it anawers in a, manner no perfect 
and so easy, that we cannot imagine thai tha object could 
have been more coinpletel; attained, if jliiB tiad be<w the 
sole purpose tor which the atmoapliere had beoo created.. 
With all these cj^ualiiiee, this extraordinary pan oT our ler- 
Testrial sj>s1em is scarcely ever in the way: and when v^B. 
have occasion to do so, we pm forth our hand and pusli it 

We may add, that it is, in addition to all that we have 
hitherto noticed, a conala.ni source of utility and beauty in 
its elliects on light. Without air we should see nothing, ex- 
cept objiictB on which the sutt's rays fell, directlv or by re- 
daylight, and mis the space in Which we are «rith illumins;- 
tion. 

The contemplation of the atmosphere, as a machine which 
tmswcrs all these purposes, is well suited to impress upon 
Us the strongest conviction of the most refined, far^aeemg, 
and hr-mJii^ ooncrivanco. It eeema impossible to Bitppose 

hinai^ any otherwise t^ by a henefioenl and intelligent Bs- 
fngj able and willing to difl'use organization, life, health, 

' enjoyment through all parts -' '' "'"'- — — '-■ ~ — 

■ng a fertility of mSans whicl 

implication of conditions could embarrass. 



CHAPTER XVL 

lAght. 

Besides the hearing and sound there is another mode by 
which we become sensible of the impreasionsof e^iternalolv- 
jects, namely, sight and light. This Subject alaoofiers some 
observations hearing on our present purpose. 

It has been declared by writers on Natural Theology, that 
the human eye exhibits such evidence of design andakill in 
u. — .a-..„. — .k.. jiQ u^ who considers it attentively, 
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jn^ too much. Il muel, at the eame time, be obvious thai 
exoept ths conatitutionaf light coireepa'nded to it. Light is an 



without a regard to ila operation and functions. 
AS [na eye la made for l^t, bo light must have been made, 
at least amon^ other ends, for the eye. 

1. We must supoot lo oomnrehend imperfectly only tho 
mechanism of the elements. Still, we have endeavoured to 
show that in some instanoeB the arrangements by which theit 
purposes are aDecied, are, to a certain extent, intelligible. In 
order to explain, however, in what manner light answers 
those ends which appear to us its principal ones, we must 
know somettiingofUie nature of light There have, hithertr^ 
beeii, among men of science, two prevailing opinions upon this 
subject ; soma oonsidering light as consistu^ in the emis- 
sion of luminous particlesi othein accounting for its phe- 
nomena by the propagation of vibrations through a highly 
subtle and elastic ether. The former opinion has, till late- 
ly, been moat generally entertained in this country, 'having 
been the hypothesis on which Newton made hie oalculationa ; 
ti\e tatter is one to which most of those persona have be«n 
led, who, in recent times, have endeavoured to deduce gene- 
ral conelusions from the newly diaoovered phenomena ol 
light. Among these persons the theory qfu-adulaliims is 
conceived to be established in nearly the same manner, and 
almost ae certainly, aa the doctrine of univeraai gravitation; 
namely, by a series of laws inferred ftom numerous facts, 
Which pro^eding from different sets of phenomena, are 
found to converge to one common view ; and by calculations 
■ fbanded upon the theory, which, indicating new and untried 
dels, are fiiund to agree exactly with experiment. 

Wo cannot hero introduce a sltetch of the progress by 
which the phenomena have thus led to the acceptance ot tha 
theory of undulations. But this theory appears to have such 
claims to our assent, that the views which we have to olfer 
with regard to tile design esereised in the adaptation, ot 
light to lis purposes, will appear on the undulatory theory 
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2. The imprcEsions of sight, like those of hearing, differ 
in intsnsitv and in kind. Brightness and CalmiT are Lhe 
principal differences among visible Ihinga, as loudness and 
pilch are among aounda. Bui there ie a singular ■"■-■—-*-— 

of an object seen, ia neoaasarily ai 
some position in the apaoe before us ; and hen 
thinga have place, magnitude, form,' as well as ligh u 
and colour. There ie nothing analogous to this in se 

othearing; forthDughwe"can,inBomeBpproiima d g 
fiTieMthesituationofthepointfrom-whichaBoun p ce 
this ia a aecondary iprocese distinguishable from t p i 

Uinjes without form end place. 

The Is-B according- to which the sense of via 
Bfiectfld, appears to be thia. By the properties o i,, , 
enteraaJ scene produces, through the Iransparent pans of 
the eye, an [mage or picture eiaoilyreaemhling the reality, 
upon the back part of Uie retina : and each point which we 
see, ia seen in the direction of a line passinf from its ima«e 
on the retina, through the centreof the pupit of the eye.* In 
thia manner we perceive by the eye the situation of ever j 

Kint, at the aanie time that we perceive ita existence i and 
oombimng the situations of many pointa, weJiave formE 
and outlines of every sort. 

That we should receive from the eye this notice of the 
poaition of the object as well as of its other visible qilaUties, 
appears to be absolutely necessary for our intercourse with 
the eiternal world ; and the faculty of doing so is so inti- 
mate a part of our constitution that we cannot conceive our- 
selves divested of it. Yet m order to imagine ourselves 
deatitute of this faculty, we have only to suppose that the 
eye should receive its impresaions aa the eardoes, and should 
apprehend red and green, bright and dark, without placing 
them side by side ; aa tile ear takes in the different sounds 

will psrcciYs that thongli we have adopted the diwtrine of the 
other, the graalec pari of the arguments aflduced would be 
equally forcible, It cipresaed in the language of the theory of 

•Or rather Uiroueh the/oci.! eentreot the eye, which to Bl. 
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ipoee a concert, without attributing them to diflfep- 

ins lo-.ieion,of per- 
ihat we may readily 



entparta of space. 

The peculiar property thua belonging lo 



iatence. The renrarkabte mechanism of the eye (precisely 
lembling hhat of a camera lAecara,) by whiclj it produces 
image on the nervous web forming its hinder part, Beems 



light itself by i 



..__ _ -ObjeclT And thisra. 

ippoaea certain eorresponding properties i 



_ n properties of light which are concerned in this 

arrangement are r^xion and refiactioit: reflenion by 
which light IS reilecteil and scatlerecl by all objects, and thus 
comes 10 the eye from all : and refraction, by which its 
courst) is bent, when it passes obliquely out of one transpa- 
rent medium into another; and by which, conBcquenlly, 
convex transparent substances, such as the cornea and hu- 
mours of the «yB, poflseSB the power of making the light 
converge to aj^e or point; an aesemblage of such pints 
forming Ihe images on the retina, which we have mentioned. 

Reflexion and refraction are therefore Ihe essential and 

dereland, it appears that it was necessary that light should 
possess such properties, in order that it might form s me- 
dium ofcommunication between man and the external world. 
We may consider its power of pasahig through transparent 
media ^s air) to be erven in order that it may enlighten the 
earth; ilaafiection irf reflection, for the purpose of malting 
colours visible; and its refraction to be bestowed, that it may 

the lenses of the «ye. 

(n this manner light may be considered as constituted 
with a peculiar reference to the eyes of Boimals, and its 
leading properties may be looked unon as contrivances or 
adaptations to tit it for its visual olHce, And in such n 
point of view the perfection of the contrivance or adaptation 
mu^ be allowed to be very remarkable. 

3. But besides the properties of reflexion and refraction, 
the most obvious laws of light, an extraordinary variety of 
phenomena l:iave lately been discovered, regulated by other 
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fiaclion, polarisation, and periodieal coloura, produced by 
crystals and by thin plalea. We have, in these fact?, a vast 
mass of properties and laws, aflerin^ a subject or study 
which has been pursued with eminent skill and intelligence. 
But these properties and laws, so Tar as has yet been dis- 
covered, exert no agency whatever, and have no purpose, 
in the general economy of nature. Beams of light polarised 
b contrary directions eshibit the most rcmarbablo differen- 
ces when they paas through certain crystals, but manifest 
no discoverable difference in their immediate impression on 
•-he eye. We have, Iheretore, here, a number of laws of 
light, which wc cannot perceiie to be eBtal)lislicd with an; 
des^ ivliich has a reference to the other parts of the uni- 

Undoubtedly it i« exceedingly possible that these different 
ces of light may operate In some qusrter, and in some ivay, 
which iTC cannot delecl; and that these laws may hare 
purposes and may answer ends of which ive have no sus- 
picion. All the analogy of nature teaches us a lesson of 
huTTiility, with regard to the reliance we are to place on our 
discernment and judgment as .10 such matters. But with 
our present bnowiedge, we may observe that this curious 
system of phenomena appears to be a callaleral result of 
the meehanisia by which the effects of light are produced : 
and thevelote a necessary consequence of the esistence of 
thatelenient of which the offices are to numerous and so 
beneliceiit. 

The new proper^es of light, and the speculations founded 
upon them, have ted many persona to the belief of the un- 
dulatory theory ; which, as we have said, is considered by 
some philosophers as demonstrated. If we adopt this the- 
ory, ive consider the luminiferous ether to have no local 
molion ;. and to produce refraction and reSeclion by the ope- 
ration of its elasticity alone. We must necessarily suppose 
the tenuity of the ether to be extreme ; and if we moreover 
aupnose its tension to be very great, which the »a»t teloeiij 
of light requires us to suppose, the vibrations by which light 
is propagated will be Irammrse vibrations, that is the mo- 
tion to and fro will be alliwart the line along which the un- 
dulation travels j and troonthi* circumatance all the laws 
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of polmisalion neceBearily follow. A p rt of 

IFihe vibruioaa be trnnaVerse, t y iiay Dto 

two different planeH; this iBpoioTtBaMiwi; if they fall on a 
medium which has different einatioity in different directkma, 
they will be divided into two Beta of Tibratione; this is 
double rtfraUion ; and so on. Some of the new propor- 
tiea, however, as the fringea of Bhadowa and the coloura of 
thin plates, follow from the undulatiSry theory, whether the 
vihraliona be transverse or ijo:. 

Il would Bjipoar, therefore, that the propagation of light 
by meana of a subtle medium, leads necessarily to the ex- 
traordinary collection of propertiee which have recently been 
diacovered ; and, at any rate, its propagation by the trans- 
verse vibrations of such a medium does lead inevitably to 

Leaving it thereiore to future betits to point out the ether 



reasons lor vses it they exist) of these newly di 
perties of light, intlieir heatiq|[ on othe- """' 

iture to aay, that u light w 

nsparent media by the nndulationa'of a , 



)f light, intlieir heatiq|[ on other parts of the world, 
■ — '— e to aay, that u light was to be propagated 
larent media by the undulations of a subtle 
esB propertfes must result, as necessarily as the 
rainbow results from the unequal retrangibility of different 
colours. This phenomenon and those, appear alike to be 
the collateral consaijiiencea of the ISiWa impreased on light 
with a view to iifljjrmcipal officel. 

Thua the exqumitely beautiful and symmetrical pheno- 
mena and lawa of poiarisation, and of cryatalline and other 
elficls, may be looted upon aa indications of the delicaey 
and subtlety of the mechanism by which man, through his 



duced by the vibrationa of an ether, we find conBidernliona 
offer themselves, similar to those which occurred in the 
«aas of aound. . The vihcaliona of this etiiet affect our oi^ 
gODB witii the aenae of light and colour. Why, or how do 
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Objt io-ihit ? It is only within certain limits Chat (he eSeot 
ia produced, sad these limits are cumparatively iiamiWBr 
bere than in the cuEe of souDd. Tha whole Boale ol calaur, 
fram violet to criiason, lies between vibrations which era 
bur hundred and flCtj-eight milium mlllioiis, and seven 
hundred and twenty-eeven million niillions in a eeRond; a 
proporibn much enaller than the corresponding ratio for 
perceptible sounds. Why should such vibrations produoe 
perception iu ^e eye, and no othersl There must be here 
some peculiar adaplation of the Eenaitive powers to these 
wonderfully minute and condensed mechanical motions. 
What happena when the vibrations are Blower than the red, 
or quicker than the blue 1 Tliey do not produce vision : da 
they produce any efFeci ? Have they any thing to do with 
heat or with eleotricity 7 We cannot telL The ether must 
be as Eusceptibla of theae vibrations, as of those which pro- 
duoe vision. But the mechanism of tho eye is adjualed to 
this latter kind only ; and this precise kind, (whether atone 
or mixed with others,) proceeds froni the sun and from other 
luminarie^ and thus communicates to us the slate of the 
visible universe. The mere materia) elements then are full 
of propectiea whieh we can understand no otherwise, than 



CHAPTER XVU. 



In 



Sir v/baX has just been said, we have spoken of light, only 
ith respect to its power of illuminating objects, and urn- 
lying ine impression of them to the eye. It possesEes, 
iwever, beyond all doubt, many other qualities. Light is 
niately connected with heat, as we see in the case of ths 
and of jfame ; yet it is clear that light and heat are not 
iticsL Light is evidently connected too with electric^y 
. galvanism ; and perhaps, through these, with magnel- 
.: it is, as nas already been mentioned, indispenwibly 
esKUV to the healthy uischarge of the functions of ve- 
able fife ; without it plants cannM duly exercise their 
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vital powen: it manifasts alao chemical acti<m in varimis 

■ The luminiferous ether llieii, if we so call the medium in 
wtiich light 13 ptopagateil, must posaesa many other pro- 
pertiss hsBides tlio«e mecliaiiical onea on which the illumi- 
nating power depends. It must not be merely like a fluid 
poured into the vacant apacea and iiilersticaB of the material 
world, and exereisijts no action on objecta •, it must aSeot 
th« phyaicEd, chemieEU and vital povera of whEit it touches. 
It must be a great and active agmt in the work of the uni- 
verae, as welfaB an active reporter of what is done by other 
agents. It muat poaaesa a number of complex and refined 
comrivancea and adjustmenta which wa cannot analyze, 
bearing upon plants and ohemioal compounda, and the im- 
ponderable Bganta ; aa well as those laws which we cen- 
oeive that we have ajialyned, by which it is tiia vehicle of 
illumination and vieion. 

Wa have had oocaaion to point out how complex is the 
raaj;hinery of the atmosphere, and how varied ite objects ; 
since, besides being the means of communication as the me- 
dinm of sound, it has known lawa which connect it with 
heat and moisture ; and other laws, m vktue of which it is 
deconipoaed by vegetables. It appears, in like manner, that 
the ether ia not only the vehicle of light, but haa also Jaws, 
at present unknown, which connect it with heat, electricity, 
and otlier agencies ; and other laws through which it is ne- 
cessary to vegetable, enabling them to decompose air. All 
analogy leads us to suppose that if we knew as much of 
the conatitution of the lummiferoUB ether as we know of the 
constitution of the almoaphera, we should find it a machine 
BB complex and artificial, as skilfully and admirably con- 

We know at present very little indeed of the construction 
of thia machine. Ita eiisieticB is, perhaps, aatis&iototily 
itiade out ; in order that we may not interrupt the progress 
of our argument, ws shall refer to other works for the rea- 
soningB which appear to lead lo thia conclusion. But 
whether heat, electricity, galvanism, magnetism, be fluids; 
or eSeoy or modificationa of Huida [ and whether atich fluids 
or ethers be tlte same with the luminiferous ether, or with 
each other i ar.; qu^iona of which tdl or moet appeai: to ba 
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I and it would be preeumptous and pre- 



have Buggesled, ia veil calculated fo eiicTiu uui vicwa ui 

may eo apeak, of the Power by which it is arranged. The 
solid and fluid matter of tile «anh ia ihe most obvloua to 
our aeueee ; ouer tiiis, and in its oavitiea, is puted an invi- 
sible fluid, the air, by whieh wacmlh and life are diffused 
and ibstered, and by which men communicate with men : 
over and through tiiis again, and reaching, ao far as we 
know, to the utmost bounds of the universe, is spread sn- 
tiier most aubtle and atteuualed fluid, which, by the play of 
another set of agents, aids the energies of nature, and which, 

other planeta and older ayslsms. 

There ia nothing in all this like any material neeeasity, 
eompelluig the world to be as it is and no othervriEe. How 
should the properties of these three great dtissea of agents, 
visible objecca, air, and light, ao harmonize and assist each 
other, that order and lifa should be the result. Without all 
[he [hre^ and all the Uiree conslituled ui their 



lad no ether, all must be inert and dead. Who eonstruct- 
id these three extraordinary complex pieces of machinery, 
he earth with its productjona, the atmosphere, and the 
ilher ! Who fitted them into each other in many parte, and 
hus rnade it possible for them to work together 1 We con- 
;eiie there can be but one answer ; amost wiae and good God 



CHAPTER XVIU. 

Ilecapilv!atiim. 

L It haa been shown in the preceding chapters that a 
great number of quanlitieB and lawa appear to have been 
•etederfinlhe conatruotion of the universe, and that by the 
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Befeclod, the constitution of ihe worl3 is whs,i vis fiiid it, and 

net in which it could iiolliave been, if tlie propertisa and 
quantitiea of the elemeAB had been diflerent from what they 
are. We ahali here recapitulate the principal of tha'Iawi 
and magnituiJeB to which this conoluiion haa been ehoim 



1. ITie length of the Year, which depen 
of IhettllraciiDn of the buii, and its distance 

2. The Length of the Day. 

3. The Mas. of the Beith, which depen' 
nitiide DJid density. 

4. The Magnitude of the Ocean. 
6. The Mag.... 

6. The Law ai 

7. The Law and Rale ot the Radiating Powe 
Earth. 

8. The Law sind Rate of the Expansion of W 
Heat. 

9. The Law and Rate of the Expansion of V\ 
Cold below 40 degrees. 

10' The Law and Quantity of the Expanaion o 
in Freeiir - 



13. The Law and Rata of Eyaporalion with regard lo 

14. TheLawandRateoftheBipensionofAirbyHeat. 
15- The Quantity of Heat absorbed in the Expansion 

of Air. 

16. The Law and Rate of the PasEage of Aqueous Va- 
pour through the Air. 

17. Tile LawB of Electricity ; its relations to Air and 

le. Tlie Fluidity, Density, and Elasticity of the Air, 



ty of the Ether, 
Li^ht. 
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2. These are the data, the elements, as aalronomers csJI 
the quontitiea which delermine a planet's orbit, on which 
^ mere inoT^oJiM part of ihsurivarae is conairuoted. To 
theae, the uDnstitution of the inorganic world is adapted in 
innumerable points, by laws of which we can trace ths ra- 
■ults, though we cannot analyze their oiachiner^. ITbua, 
vital functions of yegetaiileB have periodB which corres- 

dto the lengtt -'■'•- -' — --j-f-i..j- .:.,.:..! 

powsm have foroi 



those of ether, as light. And while we are euumeratine 
these correapondencies, we perceive that there are ihouBaoiU 
of othere, and that we cail only select a very small number 
of those wliere the relation happens to be moBi clearly made 
out or most easily eixplaiued. 

Now, Id the list of the mathematical elementa of (he unj- 
Verae which has just been given, why have we such laws 

the most part, the data there enuraeratad are independent of 
each other, and m%ht be altered separately, go lor as the 
mechanical condition of these cases are concerned. Soma 
ot these data probably depend on each other. Thus the 
latent heat of aqueous vapour is perhaps connected with the 
difference of the rate of eipanaion of water and of steam. 
But all natural philosophers will, probabl;^, sgree, that there 
must be, in ^is list, a great number of things entirely with- 
out any mutual dependence, as the year and the day, the 
expanaiCn of cur and the expansion of steam. There are, 
therefore, it appears, a number of things which, in the struo- 
ture of the world, might have been otherwise, and which 
are what they are in consequence of choice or of chance. 
We have already seen, m many of the cases separately, how 
unlits Chance every thing looks ^^^that the laws are tem- 
pered and fitted together in the only way in which the world 
could have gone on, according to all that we can conceive 
of it. This must, therefore, be the work of choice ; and if 
BO, it cannot be doubted, of a moat wiae and benevolent 
Chooser, 
3. The appearance of choice rs still further illustrated by 
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a very difTereol role from air b; the application of heat, 

Srobably according to a difierent laa : water expands m 
■aeiing, but mercury contracts : heat travels in a manner 
quite different through solids and fluids. Every separata 
Bubslance has its own density, gravity, ooheaioa, tlaBticity, 
its relation to heatj toelectridty, to magnetism; besides all 
its chemical affinitiea, which form an endless throng of 
laws, connecting every one substance in creation with every 
Other, and difierent for each pair anyhow taien. Nothing 
can look less Jilie a world formed of atoms operating upon 
each other acoordingto some universal and inevitable laws, 



properties, both of chemical and mochanical action, alloge- 
Iher difierent from those of any otlier substance. Every 
portion( however minute, of aiw of these, possesses all the 

there is a certain unalterable quantity in the universe ; when 

new mechanical laws. Who gave these different laws to 
the different aiibslancesl who proportioned the quantity to 
each? But suppose thia done. Suppiffie these substances 
in exialsnce ; in contact, in due pioporiion to each other. Is 
tkis B. world, or at least our world? No more than the 
mine and the forest are the ship of war and the fectory. 
These elements, with' their constitution perfect, and their 
proportion suitable, are still a mere chaos. Thsy must be 
put m their places. They must not be where their own 
propertjea would place them. They must be made to assume 
B, particular ariangement, or we can have no regular and 

Eermanent course of nature. This arratigement must again 
ave additional peculiarities, or we can have no organic 
portion of the world. The millions of millions of partictea 
which the world contains, must be iinished up in as com- 
plete a manner, and fitted into their places with as mud) 
nicety, as the most delicate wheel or spring in a piece of 
human machinery. What are the haliils of thought to 
which it can appear possible that this could take place with- 
out design, intention, intelligence, purpose, knowledge 1 

h what has iuat been saw, we have spoken only of the 
onnaiitulionof the inorganic part of liie universe. The me- 
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thfl aaiTB obeervatione migbt lie applied lo is, we do nol 
dwell upon the Bubjecl. We tnow ilia! ill these proceaaes 
also, liie mechimieal and ohemioid propertiefl of matter ars 
neocsBary, but we know loo that these slone will not ac- 
count for the pheno mens, of life. There ia Eoniething more 
than these. The lowest etagaof vitality and irritaliility B]i- 
paare to carry us beyond meehaniem, beyond affinity. All 
that has been said with regard to the exactness of the ad- 
justments, the combination of various means, the tendency 
to conlinuance, U> preservation, ia applicable with additior.al 
force to the organic creation, bo far as we can observe the 

province of the subject, and mual be left to oilier hands. 
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OOaMICAL ARHANGEMBtJTS. 

WsBHWelurn our attention to the lEirger portions o. uia 
umversB,lJieBun, thepianeii, and tJie earth as one of them, 
the moon and other ealelliles, the fixed stars and other hcu- 
Teiily bodiea j — ihe-views which we obtain concerning their 
mutual relation^ arrangement and rooveroents, ar^ called, 
as we already slated, cotaacal viewa. These viewa will, 
we CDQceive, aftbrd i» Indications of the wisdom and care 
of the pover bywkichthe objeole which we thus consldEr, 
were created and are preserved : and we shall now proceed 
lo point out some circumalances in which these attributes 
may be traced. 

It has been observed by writers on MatiiraJ Theology, 
that the arguments for the being and perfections of the 
Creator, drawn from cosmioal considerationa, labour under 
some disadvantages when compared with the argunients 
founded on those provisions and adaptations which mote 
immediately affect the well being of organized creatures. 
The stroeture of the solar eyatem has far less analogy with 
eueh machinery ae we can oonsuuct and comprehend, than 
wa lind in the airuoture of the bodies of animals, or even in 
the causes of the weather. Moreover, we do not see the 
immediate bearing of cosmical atrarlgementB on that end 
which W8 most readily acknowledge to be useful and de- 
sirable, the BUppsrt and curnfort or sentient natures. So 
that, from b«li causes, the irhpression of benevdent design 
in this case ii less etriltingand pointed than that which re- 
milts from the examination of aome other parts of nature. 

But in eonsidarmg the universe, according to the view we 
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wh h eaohea us the laws of ihe moliona of the heavenly 
bod es, P sesaea aome adTantagea, among the subjecta from 
VI h -or may eeek to learn me chnmcler of the govern- 
le world. For our knowledge of the laws of the 

latisfsetory, than ths 
Kn w a wnicn we poBaeaa m auy other department ol 
N re, Philosophy. Our acijoainlanoe with Ihe lawi ot 
h jBlemia auoh, that wo can caloiilale the precise 

p od motion of most of ila parla at any period, past or 

future, however remote j and we can refer the changes 
wiiieh.iakfl place in these ciroumBtanoes to tiisir proxijnate 
causey the aitraciion of one niaaa of matter to another, act' 
ing between all the parte of the universe. 

If, therefore, wetracB indications ofihe divine care, either 
in the form of the la-jra which prevail among the heavenly 
bodiea, or in ths arbitrary quantities which such laws in- 
volve; (according to the diBlinc^on explained in the former 
part of this work ;) we may especc that our examples of 
auch care, though ihey may be leas numerous end obvious 
will be more precise than . they can be ,in other subjects, 
where the laws of facu are iraperfectly known, and their 
cauEcs enthcly hid. We trust thai: this will be found to be 
the case wi^ regard to aome of .the .examples which wa 
shall adduce. 



TAe Structure qf ihe Solar Si/stem. 

In the cosmical considerations which we have to of 
we shall suppose the general truths concerning the str 
tura of the aolar system and of the universe, which hi 
been established by astronomera and mathematicians, to 
known to the reader. It is not tieceasary to go into mi 
detail on this suhiect. The five planets known 1 " 
cients, Mercury, Venua, Mars, Jupiter, Saturn, 
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OlriCULAB OEBITS. 9H 

our Earth, lierBcIf one of the planeta, revtdves in likemai)- 
ner. Beyond Suurn, UranUB haa beandiscoTereddeBcrib- 
ing BO orbil of the flame kind j and between Mara and Ju- 
piter, four amaller bodies perform their revoiutionB in orb- 
its somewhat leaa regular than the reat, These planets are 
all nearl; globular, and all revolve upon their ajiie. Some 
of them are Bccornpanied bj satelUtes, or attendant bodies 
which teToive about them ; and these bodies also tiave their 
orbits nearly circular, and .nearly in the same plane aa the 
othere. Saturn's ring in a solitary e^tample, so far as we 
know, of such an appends^e to a ^anet. 

These circular motioneiS the planets round the eon, and 
-' ■'-esaieliites round their primary planets, are nil kept 



goins 'by the atlraction of 
flying off. ft is perhaps ; 



mding revoluini 



ving bodies from 
make this opera- 



lipa dear to common appreheni . . . 
tnf a emnparison with any machine of human oo 
and fabrication: in such machines every thing Vc 
1 impulse; presaur- — -"- ' -" 



the machinery'of the uni' 

no material connection between the parts which ac 
each other. In the solar t^stem, no part touches or di 
another ; all the bodies aflect each other at a distana 
the magnet aiieets the needle. The production and reg 
tion of such effects, if attempted by our mechanicians, w 
require great skill and.nicely of adjustment j hut our ar 

hBTS not executed any e— — '- -'-'^' ■ -' ■■■ 

by reference 10 which w 
of the solar syitein. 

Perhaps toe following comparison may serve to explain 
the kind of adjustments of which we shall have to speak. 
If there be a wide shallow round basin of emooth marble, 
and if we taka a smooth ball, as a billiard ball or a marble 

Cllet, and throw it along the surfacs of the inside of the 
sin, the baJl will generally make many reyolutions round 
the mside of the bowl, eradually tending to the bottom in 
its motion. The gradual diminution of the motion,and con- 
sequent tendency of the bail to the bottom of the bo^l, arises 
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I thnt which taltea (liace through the action of a central force, 
-e muBt suppose this iViction to bs got rid of. In this caselhe 

-a circle, or varioua kioda of ovsli 



Bcribiugeitheracircle, or vnriouBkinda of ovgIe, accord ing 
or elowj 



which it WHB orieLnally thrown | whether quick 
leea oNiijuely along ihe surface. 



pable of the hb 

riety, anil the same sort of adjustments, ae the. motion of a 
body revolving about a larger one by means of a central 
force. Perhaps' the reader may understand what kind of 
adjnRtments these are, by supposing such a bowl and ball 
to be used for a game of skill. If tile object of the players 
be to throw the pellet along the surface of the basin, bo that 
after describing its curved pathitehall pass through a small 
hole in a barrier at some dialance from the starting poinlj it 
will easily be understood that aome nicety in the resulation 
of the force and direction with which the ball is ihrown will 
be ueccBsary for succeEs. In order to obtain a better image 
of the Bolar system, wa must suppose the basin to be very 
largo and the pellet very small. And it will easily be un- 
derstood that as many peLeta aa there are planets miglit 
run round the bawl at the same time with diSerent ve- 
locities. Such a contrivance might form a vlaTietarium 
in which the mimic planets would be regulated by the 
laws of motion as the real planets are ] instead of being car- 
ried by wires and wheels, as is done in such machines of the 
common construction ; and in this planclarium tite tendency 
of the planets to the sun is replaced by the tendency of Iha 
renresenlalive pellets to run down the slope of liie bowL 
We refer again lo the basin, thus representing the solar sys- 
tem with its loose planetary balls. 



CfUPTER II. 

TTie drcalar Orbits of the Planets round the Sim. 

THBorbitwhich the earth describes round the snn is very 
nearl;; a circle ; the sun is about one-thirtieth nearer to us 
in winter than m summer. This neajly eirculnr form of 
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the Ditiil, on B little consideration, will appear to be a re^ 
markoble circumstance. 

fiuppoging [lie atuaciioii of a. planet towards the sun to 
exist, if ths planet were put in motion in any part of the 
Bolar BysleiDj it would describe »bput the svin an orbit sj* 
Bqmckmdi a miKt't lie a long oval, or a Bhorlcr oval, or 
an exact circle. But if we EUppoee the result lell loclisjice, 
the chances are infinitely against Ehe last mentioned case. 
There is but one circlei tJ — ■ — ""-■ ' ' 

reclion, will give a circle. ' If wp suppose the planei lo do 
Originally pTVJeciedj it must be projected perpendicularly to 
its distance from the sun, and with a certain pi'ecise velo- 
city, in order that tlie motion may be circular. 

In the basin to Which Wfl have compared the solar system, 
the adjustment requisite to produce circultir motion would 
require us lo project our psllec xo that after running half 
round the surface it should touch a point exactly at an equal 
-*-■- '--m the centre, on the other side, pasauig neither 



high nor too low. And the pellet, . 
mid be m siza only one len-Itiousani 



:e len-lhousandth part of the dis- 
>at,.:e from the centre, to make the dimensions correspond 
with the cast of Ilie earth's orbit. If the mark were setup 
uid hit, we should hardly attribute the result to chance. 

The eanh's orbit, however, is not exactly a cuule. The 
mark is not precisely a single point, but is a space of the 
breadth of one-thirtieth of the distance from the centre. 

be considered as the work of chance. The chances vera 

S-eat against the ball passing so nearly at the same distance, 
r there were twenty-nine equal epaoes through which it 
m^ht hav^gone, between the mark and the centre, and an 
incfetinite number outside the mark. 

But it is not the earth's orbit alone which is nearly a cir- 
cle ; the rest of the planets also approach very nearly to 
that tbrm r Tonus more nearly stdl than the earth : Jupi- 
ter, Saturn, and Uranua, have a difference of about on^ 

lenth, between their greatest and li ' "'' """ — '''" 

fun; Mamhashiaei ''■ 

10 sis nearly] andM , ^.., 

The Uit mentioned case is a considerable deviation, ana 
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two of the Bmall pluuets which lie lieMeen Mara end Jupi- 
ter, namely Juno and Pallaa, exhibit on inequality BOme- 
what greater Btill; but the Broallness of theee bodiee, and 
other circumelanceB, make it iirobable that there may be 
particular cauaee for the excepiion in their ease. The or- 
bits of the satellites of the Earth, of Jupiter and of Saturn, 
are aJso nearly circular. 

Taking the solar syetem altiwetheTj the regularity of its 
structure ie very remarkable. The diagram which repre- 
Bent3 the orbits o! the p)anets might have consisted of a 
number of ovals, narrow and wide in all degress, intersect- 
ing and interfering with each other in all &ecilonB. The 
diagram does conBiBt,aB all who have opened a book of ae- 
tromj know, of a set of figures which appear at first sight 
concentric circles, and which are very nearly eo; nowhere 
approaching to any crossing or interfering, except 
case of the small planets, already noticed as irregulai 

nearfy c 



lall planets, already noticed at 

-' ■■■' -"--eram, can uw.o.o mn. 

ly circles by chance ; i 

... that a target, such as archers 

icuslomed to ahoot at, was painted in 



the accidental dashes of a brush in the hands of a blind man. 

The regularity, then, of the solar system excludes the 
notion of accident in the arrangement of the orbits of the 
plav^ets. There must have been aii BSpress adiuatment to 
prodace this circular character of the orbits. The velocity 
and direction of the motion of each planet must have been 
subject to some original rcg:ulation ; or, as it is often ez' 
pressed, the protectilB force must hare been aerommodated 
to the eentripeJal force. This once done, the motion of each 
planet, taken by itself, would go on for ever, still retaining 
its circular character, by the lawa of motion. 

If some original cause adjusted the orbits of the planets to 
then- circular emu and regular arrangement, we can hardly 
avoid including in our concepdon of this cause, the inteii- 
tion and will erf a Creating Power. We shall consider this 
argument more fully in a succeeding chapter; only observ- 
■ - - ■■ ire, that the presiding intelligence, which has selected 

imbined the proper'- — '■' ' '" -' ■'■" 

they correspond so remar 
of thes^teni of theunivc 
to have selected the arbit 
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planet's Tnotran, so that the adjuetment should produce a 
close Bppraxiniatian to a circular motion. 

We have argued here only trqm the regulariiy of the 
solar BjateiUi from the setecljan of the Eingle eymmc- 
tricttl easaa, and the rejection of all the unsymmetrioal 
oases. But this subject may be considered in another point 
of view. The system thus selected ia not only regular and 
BymmetricaJ, but also it is, so fer as we can judge, the only 
one which would BJlswer the purpose of the esjth, oerhaps 

It the earth" s orliit were more eoeentrio, as ita called, if 
for instance the greatest and least distances were as three 
to one, the ineipality of heat at two seasons of the ^ear 
would he destructive to the existing speoies of living erea- 
tureB. A circular, or nearly circular orbil, is the only case 
in which wa have a course of seasons such as we have at 
present the only case in which the oUmataa of the northern 
and southern hemisplieres are nearly the same; and what 
is mors clearly important, the only case in which the cha- 

tury For if the eccentricity of the earth's orbit were con- 
d rabl the difibrence of heat at diflerent seasons, ariains 
f m h different distances of the sun, would be combined 
wi h h d l]erence,nowtheonlyconsiderableone, which de- 
p i3 a the position of the e^th'a axis. And as by the 
m n f the penheiioa, or place of the nearest distance of 

h rth the sun, this nearest distance would bll in dif- 
f ag s at difierent parts of the year, the whole disiri- 
b ti heat through the year would thus be gradually 

s b d. The summer and winter of ih& tropical year, 
a w ha e it now, being combined with the heat and cold 

f h anomalistic year, a period of dilferent length, the dil- 
f rente f the two seasons might sometimeB be neutraliied 
allog th and at olh^r limes exaggerated by the accumu- 
1 n f the inequalities, ao as to be intolerable, 
Th ular torm of the orbit therefore, which ftom its 

f n Its Ifecu on the seasons appears to be chosen with 
thisd n, ao apparent in other parts of creation, of aeear- 
ng ] w Ifare of organic life, by a steadfast and regular 
order of the solar influence upon the planet. 
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CHAPTER UL 

The Stability if the Solar St/atem. 

Thebe is B, consequenea resulting from the actual alrac* 
cure of ihe aalor syelem, which has been brought to light 
by the inTeatigMions of malhematicjans concerning tho 
cauae and lawa of its motionB, and which has an.imponant 
hearing on our argument. It appears liiat the arrange- 
ment which at present oblains is precisely that which is ue- 
oeaaary to secure thestaWfiiy of the syalem. This point wo 
must endeavour to explain. 

IfeachpIanetWeretorcTolvB round the sun without be- 
ing aiTecled by the other planets, tJiere would bo a certain da. 
giec of regularity in its motion ; and this ref;ularity would 
oonthiue lor ever. But it appears by the discovery of the 
law of universal gravitation, that the planets do not execute 



E^oh of them is acted on hy the attraction of all the rest. 
The earth is constantly drawn by Venus, by JHara, by Ju- 
piter, todies of various magnitudea, perpetually changing 
their distances and positions with regard to the earth ; the 
Earth in return is perpetually drawing these bodies. What, 
in the course of time, will be li\e result of this mutual at- 



^ derangement which they produc . 

of one of their number will be very small in the course ol 
one revolution. But this gives us no security that the de- 
rangement may nM becoms very large in the course of many 
rev(3utions. The cause acts perpetually, and it has ttw' 
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M m increase considerably ^e eccDnUicit; of the eaitli't 
tabil, that is Id moke it a longer and longer oval ; or to Itiske 
the moon approach perpetually nearer Biid nearer Ihe earth 
every revolution | il is easy to eee that in the one oaae our 
ycBt would change its characUsr, OB we have noticed in the 
lasteeclion,' in the other, our satellite inigtrt finally tail lo 
the earth, which raael of courss bring about a dreadful ca- 
laetrophe. If Uie positions of the planetary orbilB,'With r^ 
peot to that of the eanh, were to cliange much, the planets 
might Bometimea come very near ua, and Ihus eiaggerate 
Ihe eflects of their attraction beyond calculable limits. Un- 
der such ciromnBiancea, we mighi have " years of unequal 
length, and seasons of capricious temperature, planeti and 
moona of portentous aice and asneol, glaring and disappear- 
ing at uncertain intervals [" tides like deluges, sweeping 
over whole oonlinents i and, perhaps, the eolluion of two rf 
the planets, and the consequent destruction of all organiza- 
tion onbothofthem. 

ifor isi^ on a common B2iuiiinalion ofthe history of the 
solar system, at all clear thai there is no tendency lo indeli- 
nite aiTai^emenl.' The lact really is, that changes me fat- 
ing place m the molioiia of the heavenly bodies, which have 
gone on progressively from the first dawn of aciencCp The 
eccentricity of the eat*'E orbit hai been diminishing from 

moving Qi 
cordedecli 
her own 1 

had not been ailected by this ^ _ 

of the ecliptic also is in a state of diminution, and is now 
about two '£lth's of a degree less than it was in the time of 
Aristotle. Will these changes go on without limit or reac- 
tion 3 If BO, we tend by natural caueea to a termination ot 
the present system of tilings : If not, by what adjustment or 
combination are we secured from such a tendency^ Is the 
system ttable, and if ai^ what i* the condition on which its 
stability depends ? 

To answer these questions is tar from easy. The ms- 
chanical problem which they involve is no less than ihia ^- 
Having given the directions and velocities with which' about 
thirty Bodies are moving at one time, to find their places and 
motions after any number of ages i eaoh of the bodies, all 
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l&e while, atwaotiiig all the olhetB,-and being nttrac 

It may readily be imagined tiiai this is a problem 
treme Bomoleiity, when it is considered that ever 
configuratwa or arraagemeni of the Ixwiiea will give 



J, . f BUch questions a . .__ 

to be attempted in the earlier periods of the progress of Phy- 
sical Astronomy. Newton did not undertake to demon- 
strate either tiie stability or the instability of the system. 
The daoiaion of Ihis point required a great number of pre- 
paratory steps and simplifiealions, and such nrogreas in tlie 
invention and improvement of mathematical methods, as 
occupied the best mathamalieians of Europe for the Rrealer 

was shown by Iiagrange and Laplace that the arrange- 
ments of the solar system ate stable ; that in the long run, 
the orbits and motions remain unchanged i and that the 
changes in the orbits, which lake place in shorter periods, 
never transgress certain very moderate limits. Each orbit 
undergoes devialions on this side and on that of its average 
Blalei but these deviations are never very great, and it 
flnaUy recovers from then), bo that the average is preserved. 
The planets produce psrpetual parturbaliona in each other's 
motiona, but these perturbations are not indeHnilely pro- 
gressive, theji are periodical : they reach a jiiaximum value 
and then diminish. The periods which this restoration re- 
■e, for the most part, enormous i not less than thou- 



sands, and, in some instances, miiJiona of years i i 
it is, that sonie of these apparent derangements iiave neen 
going on in the same direotioa since the beginning of the 
history of the world. But the restoration is in the sequel a: 



' or the world. UM the restoration is m the sequel i 
:I8 as the derangement ; and in the meantime Uie di 
luroaiice never attains a suiBcient amount seriously to alter 
the atteptations of the ayswm.* 

The same eiarainalion of the subject by which this is 
proved, points out also the conditions on which this stability 
depends, "i have succeeded in demonstrating," Bays La- 
place, " that whatever be the masses of the planet^ m con- 



1,,. Goi.><^lc 



degraea." 



nquenoa of the fhot thM they all move in the same direc- 
tion, in orbits of small ecnentricitT, and slightly inclined to 
each other— their aeoular inanuafitisa are pariodical tmd in- 
eladed within narrow llmitB so that tho planetary system 
will only oscillate about a mean atata, and will never deviatB 
Irom it except by aveiTamall ijiiantity. The ellipsea of the 
planets have been, and always will be, nearly circulB.r. The 
ecliptic will never coincide with the eijuator, and the entire 
— nl of the variation in its molination cannot exceed three 

9, thereihre, it appears, in Ihe.a(dar system, a, 
provision for the permanent regularity of its motions ; and 
this provision is lound in the ^t that tlie orbits of the pla- 
nets iLie nearly circular, and nearly in the same plane, and 
the motions aU in the aame direction, munely, from west to 

Noi^ is it probable that tha occurrence of these conilitiona 
of (lability in the disposition of the sokr ayatem is the work 
of ohance? Such a aappoeitioii appears to be quite inad- 
missible Any one of the orbits might have had any con- 
centricily.t In that of Mercury, where it is much the grea^ 

'In this Btateinent of Laplace, hnwever, one reiliBrliible pro- 
Tieioaforthenabilityoflbesj^Blem [8 not noticed. Theplanela 
Mercury and Mars, which bave much the largest eccentricities 
among the <rid olaoeD, aTQ these of which the, meases are mtieh 
the BDulleat. The hub of Jupiter ia Bwre tluia two tboUBaad 



the orbit of Jiui 

>• ^^uii^ibr " 

pointed 



li^iorUte ilobt- 



lity of the intern, which aiolTBis has yetpolnted ont wo 
dliappnr. The uiUi and IhesmaUei planets might in tMt c 
change tbelrft^ffoxIfaal^-olrcnlHr orbib into very long el 



of wltich tha ml 
ly, tiie meaMBflre •Oil ■mailer, ni that the same pruvie 
labltsbed hi thb eoBe also. It does not appear that an; 
motFcFaii has even attempted' to point ent a necessary c* 
between the mass of a planet and the eccentricity ol 
en cay hypothesis. May we not then conaidef this coir 
of email masses with large eccentricities, so Imparls 



the propsrtisa of ih 
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to, it II only one-fifth. How came it to pass that Ihe or 
bits were not mote elongaled 1 . A liitle more or a iiitle IcaS 
VEiocity in their original motione would have made them so. 
They might liave Ijad any inclination tq the ecliptic frorn 
no degrees to 90 degrees. Mercury, which c« ain deviates 
moBt widely, is inclined 73-4 degrees, Venus 3 3-4, Saturn 
2 3-4. Jupiter 1 1-!;^ Ubtb S. How came it (hat tlieir motions 
are thus contained within such a narrow atrip of the sbyl 
One, or any number of ihem, might have moved from east 
to west: none of them does BO. And these circumstances, 
which appear to be, each in particular, requiaiie for the sta- 
bility of [he system and the smaiineee of ils disturbancea, 
ate all found in combinaticn. Doea not Ihia imply bolh 
clear puiposs and profound skiill 

It is difficult to convey an adeijuate notion of the eilreniB 
complexity of the laak thus executed. A number of bodies, 
all attracting each other, ate to be projected in such a man. 
ner tliat their revolutions ehall be petmatient and stable, 
their mutual petturbationa always sniall. Ifwe return to 
the baein with ita tolling halls, by which we before reptc- 
eented the solar system, we muat complicate with new con- 
ditions the truil of skill which we supposed. 'Hie problem 
must now be lo project at once seven auch balls, all cim- 
neclcd by strings which influence their movements, so that 
each may hit its rcBpective marlt. And we must further 
suppose, that the maths ate to be hit aller many thousand 
revolutions of the balla. No one will imagine that tliis 
could he done by accident. 

In fact it is allowed hy ail those who have considered this 
Buijject, that such a ooincidence of the eiisting state with 
[ha mechanical requisites of permanency cannot be acci- 
dental. Laplace baa attempted to calculate the probability 
that it is not the result of accident. He takes into account, 
in addition to the motionB which we have mentioned, the 
revolutions of the satellites about their primarieBi and of the 
Bun and planets about their axes : and he finds that there 
is a probability, far higher than that which we have for the 
greater part of undoubted hislotical events, that these an. 

ca frnm llie fiun, to the sum of the same distantes. Mercury ■? 
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_ ___ _B. " Weoueht, Ihere- 

fore," hesaJB, "to believe, with at leaet the Bame confidence, 
Ihat a primitive cause hes directed the planetary motions." 

Ttie eolur eyalem is IhuB, by the confessioti of all aides, 
completely di^rent from ajiy tning vfhicfi vs might anti- 
cipate from the casuid operation of its known laws. The 
laws of motion are no Isba obeyed to the leller in the moBt 
irregular than in the most tegular motions i no leas in the va- 
in the going of a clock i no )eBS in the lantaelical jets and 
leaps umich brealiers majre when they burst in a corner of 
a rocky ehore, than in the elaady swell of the open sea. 
The laws of motion alone will not produce the regularity 
Which "we admire in the oiotiona of the heavenly bodies, 

which thase laws are to act ; a sdection of the arbitrary 

rntitiea which they are to involve; aprimitiveeauae which 
II dispose the elements in due relation to each other, in 
order that regular recurrence may accompany conetant 
change , that perpetuaj motion may be commned with per- 

Setual stability I that derangemente wiiich go on increasing 
>r ihoueandsorformillionBofyearsinay finally cure them- 
selves, and that the same laws which lead the planets 
slightly aeide from their paths, may, narrowly limit their 
devjaliona, and bring them hack from their almost impet- 
ceptible wanderings. 

If a man does not deny that any possible peculiarity in 
tlie di'pOBition of the planets with regard to the sun coiild 
aiTotd evidence of a controlling and ordering purpose, it 
seems difiicult to imagine how he could loo^ for evidenea 
Bffonger than that which there actually ia. Of all the innu- 
meraale Bossible cases of eyetema, governed by the enistmg 
laws of Ibrce and motion, Ihat one is selected which alone 
produces such a steadfast periodicity, such a constant aver- 
age of circumElances, as are, ao far sa we can conceive, necee- 
aary conditions for the existence of an organic and aentienl 
lifp And this sclecdon is so far from being an obvious or easily 
diBcovred means tcthis end, that the most profound and at- 
tentive consideration of the ptopertiea of space and number, 
w Ih all the appliancea and aida we can obtain, are barely 
auflicient to enable tis to see that the end is thus tecuret^ 
and that it can be secured m no other way. Surely the ol>- 
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vioua impreasKHi which ariBes from this view of the subject 
ia, that me solEir B;atBm, with its adjaatmen^ ia the work 
of B.n inteUi^fliica, who perceivea, as self-evidenti those 
truths, to which we attaLn painfully and slowly, and after 
all impetfectly ; who has employed m eyety part of oreatioQ 
refined conirivaiicee, which we can only with effun under- 

what WB should look upon as remarliable difficulties re- 
markably overcome, if it were not that, through the perfec- 
tion of the provieion, the trstoe of iliol difficulty is almoBiob- 
liKmced. 



CHAPTER IV. 

Tfte Sure in the Centre. 

Thh next ciroumstance which we shall notice aa indiea- 
lire of design in the arrangement of the material portions of 
the Bolar system, is the position of the sun, the soui-ce oi 
light and heat, in the centre of the syaem. This could 
hardly Iibvb occurred by any tiling which we can call 
chance. Let it be graniea, that the law of gravitation ia es 
tablished, and that we have a large mass, with others much 

then move round the larger, but this will do nothing to- 
wards making it a Eun to them. Their motions mig-ht talie 
laining still utterly dark and 

Inr--'— "— "- - 

something mora 'than thia blank a 



■ithout day or sumiDar. In order that we may have 
ing mora than thia blank and dead assemblage of 
moving clods, the machine must bs 1ig;hted u|i and warmed. 
Soma of the advantages of placing the lightmg and warm- 
ing apparatus in tlie centre ara obvious to ua. It ia in thia 
way only that we could have those regular perkidical re- 
turns of solar influence, which, as we have seen, ate adap 
t^ to the conatitution of the living oraatnm. And we can 
easily conceive, that there may bs other incongru Itiea in a 
syatem with a travelling sun, of which we can only conjec- 
ture the nature. No one proliably will doubt that Iha exiM- 
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Dur sygEem, witli the sun in the cenire, is beUer than eny 
Ov.e of a. 6iffeieat kind wotild be. 

Now this lighling and warming by a cenlral sun are 
BOmelhing Buperailded to ihe mere meohimieal arrangemenia 
-' -'•- — ""• — " no apparenl reason whj the lar- 



B merely paeeive, with respect lo 

fluences. Thersianoobviousconnexion between maBBand 
luminousness, or temperature. No one, probably, wiJl oon- 
tcnd ttieit the matetiula of our system are neceeearily lum(- 

5ie heat and light of the sun do not reside in ita mass, but 
in B coating which lies on its surface. If such a. coating 
" !i there by the force of universal graiitalii>n, how 



could we avoid haviog a sim 
the earth, and of all the other globes of the sTstem. . 
light consist in the vibrations of an ether, which we hav 
mentioned as a. probable opinion, why has the sun alone th 
power of exciting sueh idbraiiona 1 If light be the emissio 
iletial particles, why does th" " " "' - - 



Krticles 1 Similar questions may be asked, with regard tc 
at, whatever be the theory .we adopt r- ■'— -•^—^ 
e then we appear lo find marks of cu 



that subject, 
ivanee. The 



.n rnight liecome, we will suppose, the centre of tlie nto* 
lions of the planets hy mere mechanical causes : but what 
caused the centre of^ their motions to bs also the source of 
those vivifying influences ^ Allowing that no interposition 
was lequisitB to regulate the revolutions of the system, yet 

necessary, in order that these revoluUona might pro-luce 
dayi and seasons! l^e machine will move of itself, we 
may grant : but who constructed the machine, so that its 
movements might answer the purposes of life 1 How was 
the candle placed upon thectuidlesticStl How was the lire 
deposited on the hearth, so that the comfort and well-behig 
of the fiimily might be secured? Did these lo"'-" ■-■--' — 



tiiere not here a clear evidence of intelligent design, of itr 
it force by Newton hint 



angement with a benevolent e 
Itoaigi 
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"And thua," says he, "might the sun and fixed aiars be 
formed, Buppoaing tlie matter were oE a lucid nilute. But 
how the matter should divide itaalt into two aorta ; and that 

Salt of it which is fit to compose a shining body should M. 
own into one mass, and make a sun ; and the real, which 
is fit to compose mi opaque body, sliould coaleace, not into 
one great body, like the ahiniug matter, but into many little 
ones', or if the sun atiirst were aji opaque body like the pla- 
nets, or the planets lucid bodies like the sun, bow he alone 
should be changed into a shining body, whilst all they eon- 
linue opaque; or all ihey be changed into opaque ones, while 
he continued unchanged ; I do not think explicable by mere 

and eontrivanoe of a voluntary Agent." 



CHAPTER V. 
The Satellites. 

I. A PEE30K of ordinary feelinge, who, on a fine moon- 
light night sees our satellite pouting her mild radiance on 
tidil and town, path and moor, will probably not ouly be dis- 
posed to "bless the useful light," but also to believe that ft 
was "ordained" for that purpose ; — that the lesser light was 
made to rule the night as certainly as the greater light was 
made to rule the day. 

Laplaee, however, does not assent to this belief. F- -'• 
serves, that " some partizans of final causes liave im; 
that the moon was given to the earth to aiford light i 
the night:" but he remarks thai this cannot be so, f 
we are often deprived at (he same time of the light of the 
sun and the moon ; and he points out how the moon ' ' ' 
have been placed so as to be always " full." 

That the light of the moan afibrda, to a sertala exi 
ipplement to the light of the sun. will hardly be ( 



If w 

light scantily only, a 
IhB moonlight nights 



■efor 
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moonlighl, ^e fact ihat aomeliiaes boih liimi 

qiianlity, is an enquify which a philosopher could hardly be 
templed to enter upon, by any success which h^ attended 
previous speculaiionsqf a similar nature. Whyehould not 
the moon be ten limea aa large as slie ia t Why should not 
the pupil of man's eye be ten times asinrgeas it is, so as to 

conceive thu our inability to answec the latter question pre- 
vents our knowing thst tile eye was nmde for seeing : nor 

sion that the moon was made to give light upon the earth. 

Laplace suggests that if the moon nad been placed nt a 
certain distance beyond the earth, it would have revolved 
a^out the sun in thesEiroe tiiaefls the earth does, and would 
have always presented lo us a full moon. For this purpose 
It must have been about four times as far from ue as it re- 
ally is; and would therefore, other things remaining un- 
changed, have only been one sixteenth as Targe to the eye 
as our present full moon. We shall not dwelion the diaeuE- 
slon of ttiis suggestion, for the reason just intimated. Buc 
we may observe that in such a system as La]]lace propose^ 
it is not yet proved, we beiieve, that the arrangement would 
be slable under tiie influence of the disturbing forces. And 
we may add that such an arrangement, in which the mo- 
tion of one body lias a co^Tdinaie reference to two othei's, 
aa the motion of the moon on this hypothesb would have to 
the sun and the earth, neither motion being subordinate to 
the other, is contrary to the whole known analogy of coe- 
mical phenomena, and therefore has no ctom to our notice 
as a subject of discussion. 

2. In turning our consideration to the SEitellites of the 
other planets of our ayatem, there is one iact wich immedi- 
ately arrests our attention ; — the number of such attendant 
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eatth s diatancs, has four aateUiies; and Saiurn, who ia 
againat a distanoe nearly twics as great, has seven, besides 
ttiat most sxtrEiordmary pbenoiaenon hia rii^, vhich, far 
purposea of illuraination, is equiTalent to many thoUBand 
sate^ites. Of DraDua it is difficult to speak, for his great 
distance renders it aliuost impossible to observe the smaller 
circumstanoea of hia coactition. It does not appear at all 
proliable that he Has a. ring, like Saturn j but he has at 

disLanoe of nine hundred millions of miles; and we believe 
that [ha aslronomer will hardly deny that he may possibly 
have thousands of smaller ones circulating about hink. 

But leaving conjecture, and takin" only the aaoertainad 
oaaes of Venus, the Earth, Jupiter, and Saturn, wa conceive 
that a person of common understanding will be strongly 
impressed with the persuasion that the saiallites are placed 
in the system with a view to compensate for the diminished 
light of the sun at greater distances. The smaller planets, 
Juno, Vesta, Ceres, and Pallas, differ from the rest in so 
many w^ysj ond aug^sts so many, conjectures of roasons 
for auch diiiarences, Uiat we should almost expect to find 
themejcceptionstosuoh arule. Matsia a more ohviousei- 
caption. Some persona might conjecture from his case, that 
the arrangement itself, like other useful arrangements, has 
been brought about by soma wider law which we have not 
^t delected. But whether or not we enteruiin sueh a gaaas, 
(it can be nothing more,) we see in other parts of creation, 
so many examples of apparent excepliona to rules, which 
are afterwards found to be explained, or provided for by par- 
ticular contrivances, that no one, familiar niith such contem- 
plationa, will, by one anomally, be driven from the persuasion 
that the end which the arrangements of the satellites seem 
suited to answer ia really one of ilie ends of their creation. 
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CHAPTER VI. 

The Siabmy ijfthe Ocean. 

What is meant by the stab ilily of the ocean may perhapa 
be explained by means of the following illuslralion. If we 
Bupposs die whole globe of ihe Earth to be composed of wa- 
ter, a sphere of cork, immersed in any part of it, would oome 
to the surfiice of the water, esc^pt it were placed exactly at 
the centre of the earth; andevenifit were the slightest die- 
placement of Uie cork Bohere would end in its rising and floal- 
— Thia would be ttie case whatever were the siie of tiie 



rl:3phere,ttndeveiiifitwera st 
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tively litde room for the water s and iSe result would be near- 
Iv the same, if the cork sphere, when in its central posi- 
bon, had on its sur^e prominences which projected abot'e 
thcBurface of the water. Now this brings ua to (he case in 
irhich we have a globe resembling our present earth, com- 
posed like it ofwatet and ofasolid centre, with islandsand 
eon^nents, but having these solid parts all made of cork. 
And it appears by the preceding reasoning; thai: in this 
case, if there were any dislurbance either of the solid or 
fluid parts, the solid parts would rise from the centre of the 
watery sphere as far as they could : that is, all the water 
wouldriin to one side and leave the laiidon the other. Such 
an ocean would be in unstable equilibrium. 

Now a question naturally occurs, is the equilibrium of our 
present ocean of this unstable kind, or is it Sable 1 The sea, 
afier its most violent agitations, appears to return to its for- 
mer slate of repose ; but may not some extraordinary cause 
produce in it sonie derangement which may go on increas- 
mg till the waters all rush one way, and thus ^own the 
bubest mountaiDB? And if we are safe Irian Ihis danger, 
inatarethe conditions by which we are so secured 1 

The illustration which we have employed obviously sug- 
gests the answer to this question ; namely, that theequilibri- 

aa to flMl in the fluid parts ; and of course we should expeel 

thai the equilibr— --" '- <■•- -^ ■'- - 

the case, that is, 
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er epecific gravity than ihe sea. A more Bystemaiic malhe- 
malical calcalRtion haa conducted Laplaca to a demoneira- 
tionofthiaieBult. 

The mean apeoifio gravity of the earth appears to be about 

of the ocean is abundantly fiifilled. And the ptoviHioii by 
ivhich this stability is secuted was put in force through the 
action of those causes, whatever they were, which made the 
density of the solid materialB and central parts of the earth 
greaier than the density of the incumbent fluid. 

When we consider, however, the manner in which the wis- 
dom of the Creator, even in those eases in which his care is 
most apparent, as in the structure of animals, works by 
means of inlermediale cauaes and general laws, weshallnot 



. . re mechanical agencies. Laplaoe 
onjs, III v.iLje of gravity, the most dense of the strata of tiie 
earth are those nearest to the centre; andthuathemean den- 
sity exceeds that of the waters which cover it i which suffices 

put a bridle upon the fury of the waves. " This statement, 
if exact, would not prove that Hewho subjected the materials 
of the CMth to the action of gravity did not intend to restrain 



The lower strata, so far as man has yet examined, are very 
far from being conalanlly, or even generally, heavier than 
the superincumbent onea. And eerlainly solidification by 

•—-'--- a greater density than fluidil/; t|-- ■"■ ■ 

one fourth, that of Saturn leas th: 

the earth. If an ocean of water 

rilies upon the surface of Saturn, its equi- 

... besiaole. It would leave its bed on one 

de of the globe ; and the planet would finally be coroposKi 
ui' one hemisphere of water and one of land. If the Earth 
had an ocean of a fluid six times as heavy as water (ijuiclc- 
silver is thirteen limea as heavy,) we should have, m like 
manner, a dry and a fluid hemisphere. Our inland rhiera 
would probably never be able to reach the abores^ but would 
be dried up on their way, like those which runm torrid de 
sejts I perhaps the evaporation from the ocean would never 
reach the inland mountains, and we should have no rivers 
at aU. Without atlftmpting lo imagine tile details of such a 
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CHAFFER VII. 

The NebidaT Hypothetis, 

ferred to Lapla,ce, aa a, profound 
is Eironglv expressed the opinion, thi 
ly which ine stability of the eolat eyol 
BBuuifluDiiujL tbaresuitofchaace; that"apriinUive 
hsB directed the planetary motionB." The author, ho! 
havioK arrived, as ivc have done, at this convietion 
not draw from it the conduston which has appeared to 

not but be the worli of an intelligent and moatpoiverfi 
ing." He quotes these expreseiona, which are the 
Newton, and poinla at them aa inBtanoea where that great 
philosopW had deviatsd from the method of true philoao- 
iriiy. He himself proposes an hypolheaifl concerning the 
nanue of Ibe primitive eotiseof which he conceivi 
fatenceto botfiuBprobohie: and this hypolheais,ot 

of tiie tacts which it attempts to comljine, the vie\ ._.. 

nnivsrae which it presents, and the eminence of the person 
by whom it ix propounded, deeerves our notice. 

1. Idplace conjectures tlial in the origmni condition of ths 
solar ayalero, the sun revolved upon his axis, surrounded 
by an atmosphere which, in virtue of an excessive heat. 
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I parliciilor refinH. We shall then-fcro omit anj 
iderallon of this argument 
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extended far beyond the orbits of all the planets, the pin 
new as yet havuig no exiateDce, The heat gtaduallT 
diminisheil, and as the solar atmosphere eoniractE.d by coot 
mg, the rapidity of its roiBtion inoreBSed by the Itivia of ro 
tjUory molwn, and an entetior zone of vapour was detaehef 
from the rent, the centra! attraction being no longer able V 
overcome the increaeed centrifugal force. This zone of va, 
pour m^ht in some cases retain iia forin, as we see it in Sa 
turn's nngj but more usually the ling of vapour woul) 
break mto several masses, and these would generally coa 
Issoe into one mass, which would revolve about the sun. 
Such portHins of the solar atmosphere, abandoned succea 
Bively at diflerent distances, would Ibrm "planets in the 
state of vajiour." These planetB, it appears from mecha- 
nical considerations, would have each Us rotatory motion, 
and as the cooling of the vapour still went on, would each 
produce a planet, which might have saielliles and rings, 
ibrmed from the planet in the same maimer as the planets 
were formed from the atoiosphere of the sun. 

It may easily be conceived that all The primary motions 
"*- — — '■" "" produced would be nearly circular, nearly in 
le original equator of the solar rotation, and 

__.iof that rMation. Reasons are offered also 

to show that the motions of the satellites thus produced and 
the motims of rotation of the planets must be in the same 
direction. And thus it is held that the hypothesis accounts 
for the most remarkable circumstances in the >,lructure of 
the solar sjwlem: namely, the motions of the planets in the 
same direction, and almost in the same plane; the motions 
of the satellites in the same direction us those of the planets ; 
the motions of rotation of these diAi^rent bodies still in the 
Ean<e direction as the other motions, and in planes not 
much different ; the small eccentricity of the orbits of the 
planets, upon which condition, along with some of llie pre- 
ceding ones, the stabiliw of the system depends-, and the 
position of the source of^ light and heat in the centre of the 

It is not necessary for the purpose, nor suitable to the plan 
of the present treatise, to examine, on physical grounds, 
the probability of the above hypothesis. It la proposed by 
its author, with great diifidence, as a conjeclute only. We 
might, therefore, very reasonably put off all discussion of 
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tiie bearingB of Ihi« opinion upon our views of the govern- 
ment oflbeworlJ, till ibe apinion itself shou}d haveasBum- 
ed a less indistinct and precarioup farm, ll can be no charge 
Sgainal our doctrines, that there is a difficulty in recuncil- 
iiie witli them arbitrary guesses and half fiH-med theories. 
Vt% shall, however, tnak^a few observations upon lliif »£• 
butar hypotkeaia, as it may be termed. 

2. it we grant, lor a moment, the hypothesis, it \n no 
means proves that the solar systenL was formed witKout 
^e intervention of inteUlKcnce and design. It only irans- 
fers our view of the skill exercised, and the means cnt- 
fioyed, to another part of the work. For how came the 

lions, siich a constitution, and these consequences followed 
fiiun their primordial condition? How came the parent vaj- 
pourthuB to be eapahle of crherence, separation, contrac- 
tion, solidificaiion? How came Uie iaws of its mollon, at- 
' n, repulsion, condensation, to be so fixed, as to lead to 



beautiful and harmonious system in the end 1 E 
to be neither too fluid nor 100 tenacious, to 



ir the 1 
the si ' 

whichal one time was a luminous vapour, to beatusubse- 
guent period, solids and fluiJs of many various kinds 'I 
What but design and intelligence prepared and tempered 
this previously existing element, so diat it should hy iiE na- 
tural changes produce such an orderly system ? 

And if in this way we suppose a planet to be produced, 
what son of a body would it be 1 — aomethine, n may ba 
presumed, resembling a large meteoric stone. How comes 
this mass to be covered with motion and organization, wi(n 
life and happiness'? What primitive csAise stocked it wiii). 
plajits and uiimals, and produced all the wonderful and 
subtle contrivances which we find in their structure, ail the 
wide and profbund mutual dependencies which we trace in 
their economy 1 Was man, wilbi his thought and feeline, his 
powers and hopes, his wdl and conscience, also produced 
as an ultimate result of llie condensation of the solar at- 
mtanherel Except we allow a prior purpose and intelligence 
preG^ding over iV*'" '*^*t'*'"'''l ""•"i'^i*''''' '■J*"""*' h™,' imw- 
ilabTe is it wi 
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3. In the next place, we may oliservBconceniingthishy 
potheais, Ihat it cacties ua back to the beginning ot the pre- 
sent Bystem of things ; bat thca it is impossible tar our rea- 
j?on to atop at tiie point thus presented to it. The aun, tho 
earth, IhB pltuiels, the moons were brought into tlieir present 
otcler oat of a previons stale, and, as is supposed in the the- 
ory, by tile natural operation of laws. But how came that 
previous state toexUt? We are compelled to euppoce that il, 
m like manner, VPB£ educed froma still prior elate of things i 
and thia, again, must have been the result of a condition 
prior Btai. Nor is it pooible for us to find, in the tenets of 
the nebular hypothesis, any reslinK place or salisbction 
for the mind. The same reasoning- faculty, which seeks for 
the origin of the present aystom of things, and is capable of 
assenUng to, or dissenting from the hypothesis propoiuided 
by Laplace as an answer to this inquiry, is necessarilj^ led 
t« seek, in the same manner, for the oiigm of any previous 
system of things, out of which the present may appear to 
have grown i and must pursue thia train of inquiries unre- 
mittingly, so long a* the answer which it receives deecrihes 
a mere aasemblaze of matter and motioQ] since it would be 
to contradict the laws of matter and the nature of motion, 
to suppose auch an aaaemblage to be Ihefirst condition. 

The refieclion juat staled, may be illustrated by the fur- 
ther consideration of the nebular hypothesis. This opinion 
refers ua for the origin of the solar syMem, lo a sun aur 
rounded with an atmosphere of enormously elevated tem- 
perature, revolving and coolii^-. But as we ascend lo a still 
earlier period, what state of things are we to suppose ? — a 
Btdl higher temperature, a stilt more diffused atmosphere. 
Laplace conceives that, m its primitive slate, the sun con- 
sisted in a diffused lummosiiy so as to resemble those ne- 
bula among the fixed stars, which are seen by the aid of the 
telescope, and which eihihit a nucleus, more or less bril- 
liant, surrounded by a cloudy brightness. " This anterior 
slate was itself preceded by other slates, in which the nebu- 
lous matter was more and more diffuse, the nueletia being 
leesandlesaluminous. We arrive," X^place says, "inthia 
manner, at a nebulosity so diffuse, that its existenca could 
scurely be suspected.'' 

" Such is," he adds, " in fnat, the first stale of the nebu 
lo which HenKjheloareftilly ^■■"rvsdby means of his pow 
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erful teleecapes. He traced the piogvess of the coDdenaB 
lion, nol indeed on one nobuia, lor Ihie progreas can only 
becomo peroe|Jiib]e to ua in the ooui^ of oenlui'iesj hul 
in the OBsemblnge of aeba]a; mucii in Ihe same man- 
ner as in a large forest we may trace tlie growth of ires s 
amonglheoxampleBofdifterenlBges which Bland side by side. 
He saw in ihe ^rst place Ihe nsbulous matter diepereed in 
patches, in the different parta of uie sby. Hesaw in soue ot 
Ihese patches this mailer faebly condensed round one or more 
laini nucleu In other nebuli^ llieie nuclei were brighter 
in proportion to ihe surrounding nebulosity; -when Xy a 
further condensation the atmosphere oC each nudeus be- 
comes separate from the others, the result is multiple 
nebulous stars, formed by brillianl nuclei very near each 
other, and each surrounded by an atmosphere : Eometimes 

produced nebuluB aysleniB which are called pian£(ary. Fi- 



ll appears then that the highest pomt to which this aeries 
of conjeclures can conduct ui, is, " an extremely diffiitii'd 
nebulosity," attet^ded, we may suuptise, by a ^r highrsr de- 
gree of heat, than that which at a later period of the hypo- 
planets in a state of vapour. Now is it not impossible to 
ai'oid asking, whence waa tiiis light, this heat, this difiii- 
sionT HowcMne the laws which auch a atale impliea, to 
be already in esiBtcnccT Whether light and heat produce 
(heir effects by meana of fluid vehicles or otherwise, they 
have compleK and varied laws which indicate the exiatence 
of some Bubde machinery for their action. When and how 
mas this machinery constructed! Whence too that enoi^ 
moua expansive power which the nebulous matter is aup- 

tosed to poaaesa ; and if, as would eeem to be supposed in 
_ lis doctrine, all the malBrial ingredients of the earth eilated 
in this diffuse nebulosity, eilliet in the state of vapour, or 

and their properties 1 how came there to be of each simple 
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veras, juBl so much and no morel Do W8 not, fur mott 

Ihia explanalion 7 Whatever may be tlie merits of the opiniqn 
as a Dhvsical hypothesia, with which wa do not here med- 
it for a iBoment prevent our looking beyond the 
Bis, to a Pijit Cause, an Intelligent Author, an ori- 
g from free volition, notlrom material necea- 



hypothesis, 



But again; let us ascend to the bighestpointof the hypo- 
thetical progression i let us suppose the nebulosity diffused 
throughout bJ I apace, so that its course of runninginto patotiei 



some determiuit^ cir- 

u Whence were these 

inequality 1 we are still compelled to 

id power 

..,_... .. . . ndSionb .... , 

Why should not the nebulous matter be equably 

hie dBupion, Bs it must do, from the abaenoe of all cause to 
determme the time and manner of its separation ? why 
should this nebulous matter grow cooler and cooler ? vhy 
should it not retaiti fur ever the same degree of heat, what- 
ever heat be 1 If heat be a fluid, if to coo! be to part with 
this fluid, SB many philoaophere suppose, what becomes of 
the fluid heat of the nebulaus matter, as the matter cools 
downl Into what unoccupied region dose it find its way 1 

JnouDierable queaiiona of the same kmd might be asked, 
and the conclusion to be drawn is, that every new physical 
theory which we include m our view of the universe, in- 
volves ua in new difficulties and perplexities, if we try tb 
erect it into an ultimate and final account of the existence 
and arranBement of llie world in which wa live. With the 
evidence in such theories, considered as seienlifio generaliia^ 
lions of ascertained facts, with their claima to a place in 
our natural philosophy, we have here nothing to do. Bat 
it they are put farwards aa a diacloaure otthe ultimata 
csuBe of that which occur'', and as aiiperaeding the neoes- 
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„,, ir Natural Philoaophji 

we conceive Ihax their ptateUBioiui wU! not bear a moment's 
ejcomiaaiigiit 

Leaving then W other persons and to future ages to de- 
cide upon tha BOieutifie merila of the nebulaj hypothesia, 
we conceive that the Snal fete of this opinion canno!, in 
sound reaaon, aii^t at all the view which we liave been en- 
deavouring to illuawais ; — the view of tlie universe as the 
work of a wise and good Creator. Let it be supposed that 
the point to which this hypotiieaia leads us, is tha ullimala 
point of phTsical science; that tiie farthest glitopae we can 
obtain of the material universe by our natural I'acullies, 
shows it to us occupied by a boundlesa abyss of luminous 
matter; still we ask, how spaee eame to be thus occupied, 
how matter came to be thus luminoua'J If we eslablisliby 
physical proofs, that the first fact which can be traced in the 
history oi'tha world, is that "there was light ;" we shall still 
be led, even by our natural reason, to suppose that before 
this could occur, " God said, )et there be light." 



CHAPTER VIII. 

ITie Existence qf a Resitting JHeiUum in the Solar 
^tem. 

Tne question of a pUaum and a uacuuta was formerly 
much debated among those who ajwculated concerning the 
constitution of the umverse ; that is, lliey disputed whether 
the celestial and terrestrial spaces are absolutely full, eaeh 
portion being occupied by aoine matter or jther ; or whe- 
^r there are, between and among the material parts of the 
the world, empty apaces free from all matter, however 
rare. This question was often treated by means of ab- 
stract conceptions and o priori reasonings; and waaaome- 
times considered as one in which the rKsult of the struggle 
between t'val syblema of philosophy, the Cartesian and 

by some that tiie Newtonian doctrine of the motions of Itis 
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heavenly bodies, according to mecbanicBl lavs, required 
that the spuce in which they moved should be, abeoluiely 
and jnetaphyaically speakiug, e vacuum. 

This, however, is not neceasory to the truth of the New- 
tonian doetrinea, and does not appear to have been intendod 
to be asserted by Newton huniself. Undoubtedly, aicord- 
ing Co his theory, the motions of the heavenly bodies were 
calculated on the suppoiilvm ihsx they do move in a space 
void of any resisting fluid i and the comparison of the places 
60 oolculaled with the places actually observed, {continued 
for along course of years, and tried m innumerable cases,) 
did not Eliow any diflerence which implied the existence 
of a resisting fluid. The Newtonian, therefore, was justi- 
lied in assertmg that either there was no such fluid, or ttiat 
i: was either so thinand rarefied, that no phenomenon yet eia. 

This was all that the Newtonian needed or ought to 
niaint^n; for his philosophy, founded altogether upon ob- 
servation, had nothing to do with abstract possibilities and 
metaphysical naoesailies. And in the same matiner in which 
oheervBiioo and calculation thus showed that there could be 
none but a very tare medium pervading the solar system, it 
was left open to observation and calculation til prove tliat 
there was such a medium, if any fa-its could be discovered 
which o^red suitable evidence. 

Within the last few years, facts have been observed 
which show, in the opinion of some of tiie best malhematieiaiia 
of Europe, that such a very rare medium does really occupy 
ihe spaces in which the planets move; and it mav be nro- 

■r and interesting- to consider the bearing of thi 
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iTOD, and its nearest, or perihelion dialance, being in the 
^oportion of mote llian lento one. In lli is respect it agrees 
urith oliiGr uometa ; but its time of revolinion about the aiin 
is much IsES than that of the camels which have excited 
most notices tbr wtiile they appeaj' bI ton^ iiitervala of 
fears, the body of which we are now apeakmg returns to 
us perihelion every twelve hundred and eight days, or in 
about tiiree years and one third. Another observable cir- 
ouinatancfl in this singular body, is iia eMreme apparent 
lenuity ; it appears as a loose indcfiniielj; formed speck of 
vapour, through which the stars are visible with no per- 
ceptible diminution of Iheit brinhtneai. This body was 
first seen by Mechain and Me«sKr, in 1766," but ihey ob. 
tained only 



serrationa, whereas three, at leaet, are 


lelhe padic 


if a heavenly body. Miss 


i it afia'b in 


17SS, and it was observed 


,n BBtronomi 


:n. In 1806 it waa again 


1819. Hith 


lerto it was supposed that 




were all different; Encke, 


lat tiie obsei 


■vaUons could only be ex- 



plained by conaidermj Ihsm as rewma of the same revolv. 
ing body ] and by doing thia, well merited that hia name 
should be associated with the subject of his discovery. 
The return of this body in 1322, was calcuiaMd beforehand, 
and observed in New South Wales, the comet being then in 
the southern partof the heavens; but on compariiig the cal- 
culated and observed places, Enoke concluded ll«il tlie ob- 
servations could not be exactly explained, without uuppoa- 
ing a resisting medium. Thie comet was again geberally 

of the laat appearance were particularly fevourable fcii os- 
termining the absolute amount of the retardation arising 
from the medium, which the other observations had left uu- 



The e^ct of this retardmg influence lii, as might be sup- 
posed from what has already been said, eKlremsly slight,- 
and would probably not have been perceptible at all, but for 
the looee lenlurc and small quantity of matter of the revolv- 
ing body. It will easily be conceived that a body which hat 
perhaps no mote Bolidity or coherence than a cloud of dusi, 

• Airy on Enokc's CnmBI, p, I, Note. 
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or B. vreath of smolce, will have leas fores to roahe its way 
through a fluid mediiira, however thin, thB.ii a more dense 
and oocopact body would have. In atinoapherie air much 
rarefied, a bullet mi^lit proceed for milee without losing 
any of its velocity, while auch a loose mass as the comet la 
supposed to ba would loose its projectile motion in the space 
of D, few yards. This consideration will account tor the 
circumelance, thai the exiataaca of auch a medium has been 
delected by observing the motions of Encke's comet, thout^h 
Ilie motions of the besvenly bodies previously observed 
ahowed no trace of sucli an imjjadiment. 

It will appear perhaps remarkable that a body so light 
and iooM as we have described this comet to be, should 
revolve about the sun by laws aa fixed and certain as those 
which regulate the motions uf those greataud solid masses, 
the Earth and Jupiter, It is however certain from obaerv- 
ation, that this comec is acted upon by exactly the same 
force of solar attraction, aa the other bocUea of the system ; 
and notonlyao, but that it also experiences the same kind 
of disturbing force from the action of tlie other planets, 
which they txercise upon each other. The eliect of all 
diese cauaes haa been calculated with great care ajid labour ; 
and the result has been an agreement with oleervation suf- 
ficiently close to ahow that tiiase causes really act, but at 
the same lime a, residual pfierunneiUHi ^ Sir J. ReFCshel 

oofiected the inference of a resisting medium. 

This medium produces a very small effect upon the mo- 
lion of tha comet, as will easily be supposed from what has 
been said. By Encke's calculation, it appears that the eT- 
feet of the resistance, supposing the caniet.to move in the 
earth's orbit, would be about an eight hundred and fiftieth 
of the sun's force on the body. The etteot of such resist- 



tho comet will be more rapidly dmvin. towards the centre, 
and that in this way a revolution will be described by a 
shorter path than it was before. It appears that in gelling 
roitnd the sun, the comet gains more in this way than it 
looses by the diminution of its velocity. The case is much 
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tike that Ufa slot 


le thrown in tha air 


. thcsto 


ae moves more 


slowly ihan it v 


fould do if theie w 




air; but yet it 


comefi 10 Ihe ear 


ih sooner ihan il m 


■oil Id do 


on that auppo- 



It appears that clie eliect of the resietance of tlie ethereal 
medium, from the first discovery of Ihe comet up to the pre- 
sent time, has been to diminish the tims of revolution by 
about two days ; and the comet is ten days in advance of 
the place which it would have reached, if there had been 

2. The same medium which. is thus shown to produc 



ihe planets, however, 

effect upon the comet, in oonaequence of their greater quan- 

11 is not easy to assign any probable value, or even any 
certain limit, to the e^t of the resisting medium upon (lie 
planets. We are entirely ignorant of the comparative mass 
of the comet, and of any of the planetsi and hence, cannot 
mal<R any caJculation ibunded on such a comparison. New- 
ton haeendeavouredloshow how small the reaislance of the 
medium must be, if il exisL* 'Hie result of his calculation 
is, that it we take the densilyof the medium to ha tliat which 

face, supposing the law of diminution of denaity to go on 
unaltered, and if we suppose Jupiter to move in such a 
medium, he would in a million years loose less than a 
millionth part of its velocity. If a planet, revolving about 
the sun, were to loose anv portion of its velocity by the ef- 
fect of reeiatance, it would be drawn proportionally nearer 
the sun, the tendency towards the eentre being no longer 
siifiiciently counteracted by that centrifugal force whicii 
arises from the body's velocity. And if the resistance were 
to continue to act, the body would be drawn perpetually 
nearer and nearer to the centre, (oid would describe its re- 
volutions quicker and quicker, till at last it would reach 
the central body, and the system would cease to be a sys- 

Tbla resu!: is true, however small be the velocity losr by 
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10 being, that when the rciist- 



. ._ . . iliion years, 

(wnich, as has been seen, is far more than can be consider- 
ed in any way probablo,) he would require eeventy m'"" - 
of yeara lo lose " " "■" ^"'" " ""■ '--— - ■ 



) lose one-lhoueandlh of ., , ._ ,._ 

9 as long 10 reduce the velocity to 
_ erioila ol time which quiie over- 
whelm iha imagination " and it ia not pretended that the cal- 
culations are made with any prelenBions to accuracy. But 
at the same time it is Inyond doubt thai though the inter- 
vals of time thus assigned to theeBchanges are highly vague 
and uncertain, the changes themselvea muBt, eooner or later, 
talie place, in oonaenuence of the eiistence of the resisting 
medium. Since there le such a retarding force perpetually 
the end destroy all 



-- .. - , fmSoi 

yeat^ before the earth's retardation may perceptibly affect 



s. It may be millions of n 
.h'e retardation may perceptibly ai 
I apparent motion of the sun; butBtdl the day will c< 



(if the same Providence which formed th 

permit it to continue ao lone) when this cause will entirely 

ti .1.-1 .1. -f P. j.i r : 



chansie the length of our year and the co 
and finally slop the earth's motion round 
The Bmalloeas of the resiatanee, however small w 



f slop the earth's motion round the sun iilto|tether. 



suppose it, doea not allow us to escape thia certainty. 

of the solar eyatem cannot go on for ever. The moment 

mente of the planeta becomee as impossible as a perpetual 
motion on the earth. 
3. The vast periode which are brought under our con- 
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VBCBe from other eaacccs. Millions, and TniUions of jean 
are e«pressiaus ihatatSrst siglit appear fitted only to over- 
whelm and confound all our powers of liiougliti and Euoh 
numheiB are no doubt beyond Ihe limits of any lliing which 
wa diatmetly coiweive. But our powere of conception are 
Billed lather to the wants and uaea of common lite, than to 
Incomplete survey of the universe. Itiain noway unhkely 
that the whole duration of the BOlar eystem should be a ne- 
riod imnieasurably gceat in our eyes, though demonstraijly 
finite. Such enormous numbetB have been brought under 
our notice by all the advances we have made in our know- 
ledge of nature. The amnllneaa of Uie objects detected by 
the iioicroBCOpe and of their parts j — tba multitude of the 
stars which the beat telescopes of modem liniea have dis- 
covered in the sky i — the duration assigned to the globe of 
the earth by geological investigation ;--^ these results re- 
quire for their probable expression, numbers, which so fer 
aa we see, are on the same gigantic scale as the number of 
years in which the solar system will become entirely de- 
rau^d. Such calculations depend in some degree on our 

and no peiaon wlio is accustomed to meditate on these sub- 
jects will be surprised that the numbers which sucli an oc 
casion requnes should oppress our comprehension. Wo 
one who has dwelt on the thought of a universal Creator 
imd Preserver, will be surprised to find the conviction for- 
ced upon the mmd by ever; new train of speculation, that 
vievred in reference to Him, our space is a point, our time 
a moment, our millions a handful, our permanence a quick 

Our knowledge of the vast periods, bMh geological and 
nslronomical, of which we have spoken, is most slight, it 
IB in lact little more than that auch periods existj that the 
Siitiaoe of the earth has, at wide intervals of time, under- 
gone great changeein the diapoailion of land and water, and 
mlheiormsofanunallife; and that the motions of the hea- 
venly bodiea round the sutiareaffeoied, though with incon- 
esivable slovmesB, by a force which most end by deranging 

lo establish any analogy between the periods thus disclosed j 
but we may observe that they agree in this, that they re- 
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duce all lliiiigs to Ihe general rule oi JmUe dttratiim. As 
all the geological siKtee of -which vie iiDd evidence io the 
present slate of the earth, have had their termiiiauon, bo 
also the astrooomical couditione under which liie revolu- 
tions of the earth ilaelf proceed, involve the neceeBity of a 
future ceasation of these revolutiona. 

The contemplative person may well be struck by this uni- 
vereai law of the ctealion. We are in the habit somelimea 
of oontiastius the transient deetiny of man with Ihe perma- 
nence of the ioreat^ the mouittains, the oceEin,— with the un- 
wearied circuit of the eun. But this contrast is a delusion 
of our own imagination; the difference is after ell but one 
of decree. The forest tree endures for its centuries, and 
then decays ; the mountains crumble and change, and per- 

1 subside in some convulsion of nature i Ihe sea retires, 

he shore ceases to resound with the " everlasting" 
luuic of the ocean ; such reflections have already crowded 
upon the mind of tut geologist ; and it now appears that 

the univereel law of decay ; that not only the roelis and the 

end" stamped upon their foreheads. They enjoy no privi- 
lege beyond man except a longer respite. The ephemeron 
perishes in sn hour ; man endures for hia threescore years and 
ten ; on empire, a nation, numbers its centuries, il may be 
its thousands of years ; the continents and islands which its 
dominion includes have perhaps their date, as those which 
preceded them have bad; and the very revolutions of the 
sky by which centuries are numbered will at last languish 
and stand still. 

To dwell on the moral and religious reflections auggesled 
by this train of thought is not to our present purpose ; but we 

into the government of the universe. Perpetual change, 
perpetual progre^ion, increase and diminution, appe^ to 
be the rules of the material world, and to prevail without 
exception. The smaller portions of matter which we have 
near us, and the larger, which appear as luminaries at a 
vast distance, different as they are m our mode of conceiv- 
ing them, obey the same laws of motion! and these lav™ 
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aJ!y deBiroyed, e: 



;b tha reiative reel; of aonie parls of a material 

4. It may perhapa appear lo some, Ihat ihia acknowUdg- 
menl of Ihe tendency of the aystent in ilerangemeul through 
(lie aclion of a reaiaUng medium is inconsistent with the ar- 
gnment which nrs have drawn in a previoiia chapter, from 
the ptoTisions of ita Etabihty. In reality, however, the two 
views are in perfect agreBment, eo far as our purpose is con- 
«rned. The main point which we had to ui^, in the con. 
Eidemljon of the stability of the syetein, was, not that it is 
Gonstnicled to laal foiever, but that while it lasts, the devia- 

perly which fits the world for ita uses. To maintain either 
Ilia past or the future eternity of the world, does not appear 
consistent with physical prmciples, ae it certainly does not 
tall m with the convictions of the religious man, in what- 
ever way obtained. We conceive that this stale of things 
has had a beginning t we conceive that it will have an end. 
But in the mean tune we find it fitted, by a number of re- 
markable arrangements, to be the habltatioQ of living crea- 
tures. The conditions which secure the stability, and the 
smallnesa of the perturbations of the syslBm, are among 
these ptoviaiona. If the eccentricity of the orbit of Venna, 
or of Jupiter, were much greater tana it ia, not only might 
some of the planets, at the close of ages, ^ill into the sun or 
fly off into infinite apace, but also, in the Intermediate time, 

courae of the aeasona and the average of temperature might 
vary from what they now are, so us lo injure or deelroy the 
whole organic creaUon. By certMn original arrangements 
these destru:tiveDscilla^ons are prevented. So long as the 
bodies continue It> revolve, their orbits will not be much dif- 
ferent from what they now are. And this result ia not af- 
fected by the action of the reaisting medium. Such a me- 

of heat and cold 

eohanical effect of the n 



la density were incomparably 



.t in the pro' . 
It the alttbi. 
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lily of the aT«em had not been secured by Iho adjustmentu 
which we deacribeij in a former chapter, the course of [ho 
seaeooa might have been disLurberl to an injunouB or even 

within the limils of one genertttion; by the effect ot the re- 
aialing medium, the order of nature remains unchanged for 
B |>eriod, compared with which the known duration of tlie 
human race is insignificant. 

But, it may be dijecled, the effect of the medium must be 
ultimately to affect the duration of the earth's cevoiution 
round tlieeun, and thus to derange those adaptations which 
dependonthelengthof the year. And, witliout ijueetion^ if 
wflpermiiourselvesloiookforward to that inconceivably dis- 
(ani periodatwhich the efteetofthe medium will berome sen- 
sible^ this must be ullowcd to be true, as has been already sta- 
led. Hi11ioiia,Bndprobab!ymilliDnsofmiltion9, of years ex- 
preaa madequaiely the distance ol time at which this cause 
would produce a serioui: effect. That the machine of the uni- 
verseiBSoconetructedthBtitiDay Einswer its purposes for such 
a period, is surely Bufficient proof of the skill of its worlt- 
manship, and of^llie reejiiy of its purpose : and those per- 
Eons, prohably, who are best convinced that it ia the work 
of a wise and good Creator, will be least disposed to con- 
sider the system as imperfect, because in its present condi- 
tion it is not fitted for elemity. 

i. The doctrine of a Resisting Hediui 



B point which tlie Nebular Hypothesis aisumee ; — a begin- 
ning of the pteaenl order of things. There must have Seen 
B commencement of the moliotis now going on in the solar 
eyalem. Since these motions, when once begun, would be 
deranged and desti^o^d in a period which, however large 
is yet finite, it is obvious we cannot carry their origin inde- 
finitely backwards in a range of past duration. There is a 
period in which these revolutions, when ever they had he 
gun, would have brought the revolving bodies into contact 
with the central mass; and this period has in our systein 
not yet elapsed. The watch ia still going, and therefore il 
must have been wound up within a limited time. 

The solar system, at this its beginning, must have been 
arranged and put in motfoo by some cause. If we suppose 
this cause to opcrMe by means of the configurations and the 
properties of previoualv existin-; matter, these configura- 
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Iheae [iropenies must have produced 
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still previous cause, 
some prBvioiiE efiects 
lier than the assumed 



beginning I- . . . „ 
verse ; and iii this maimer we are carried perpetuall/ fur- 
ther aad further baclr, through a labyrinth of aiEcl:iBJiical 
causation, without an^ possibility of finding any thing in 
which the mind can acquiesce or rest, till we admit "a 
""Bi Cause which is -■ — ■-- -;— i " 



in opposi^n to the admission of an Intelligeni 



'a Itself again, as cogent in itself^ when ve adopt the 
■"' '■ "■.ingmMiur- ' '■■-'■ ■' — ■• — ■"' '- 

le so Bt ^ 

a, what ever view we take of th 



sting medium, for which the nhyaical proofs 
d toTie i' — '-- *"■• — --- '- --'-"• 



:n found to be so strong. 



hiatory of the uni' .. .. 
Its force by maintaining that tli 
eaialed from etemily. They at 
-"■■■-■ngB, or an order of things 

It, produced by the aamt , „ 

laws, has prevailed through an Infinite si 
past ages. We shall not dwell upon any objecliona to iliia 
tenet which might be drawn from our own conceptions, cr 
from what may be called metaphysioa] sources. Nor shall 
we refer to the various oonaidorations which history, ge- 
ology, and BsCronomicol rseords supply, and which tend to 
ahow, not only that the past duration of the present course 
of thinga is nnite, but that it is short, compared with such 
nerioda aa we have bad to apeak of. But we may oliaci ve, 
that the doctrine of a resisting medium once efctahliahed, 
makes this imagination untenable ; comiiels us to go bacii 
to the origin, not only of the preaent eourae of the world, 
not only of the earth, but of the solar system itself { and 
thua aeis us forth upon that path of reaearch into the series 
of paat causation, where we obtain no answer of which the 
meaning correnponda to our queatitsis, till we rest in the 
conclusion of a most provident and most powerful Creating 

It a related of Epicurus that when a boy, reading wilh 
his preceptor these varacg oF Heeiod, thus translated; 
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Che young Echolai first betrayed Ilia mqubitive geaioa by 
Bsking "And ohaos whencel" When in his rtper yeata 
he had persuaded iiimself that Ihiaqiiesiionwaa sufficiEntly 
unsweced by saying that chaos arose from the concourse of 
atoms, It is strange that the sams inquisitive spirit did net 
again suggest the question "and atoms whence 7" And it 
is clear tHiit however often the question "whence f hEui 
been answered, il would otiil ainrt up aa at first. Nor could 
it sufljce Bs an answer ta say, that earth, chaos, atoms, 
were poriiona of a series of changes which went baek to 
elerniij. The preceptor of Epicurus infijrmed him, that to 
be satisfied on the subject of his inquiiy, ha must have re- 
eourae to the phijosopnere. If the young speculator had 
been told that chaos (if chaos indeed preceded the present 
order) was produced.by an Eternal Being, in wham resided 
purpose and will, he would have received a suggestion 
which, duly matured by subsequent contemplation, might 
have led him to a philoaoplly far more satisfactory than the 
material scheme can ever be to one who looks, either abroad 
mto the universe, or within inlo his own bosom. 



CHAPTER IX. 

Mechanical LaiBs. 

-H the precedinjj oliservatioiiB wo have supposed thi 
.aws, by which diftereiit kinds of matter act and are actei 
upon, to be already in existence i and have endeavoured t( 
point out evidences of design and adaptation, displayed ii 
the selection andarrangementof these materials of the uni. 

such measui-es and disposed m such forms, that by meam 
of their properties and laws the business of the world goeE 
on harmoniously and benefieially. But a further ijuesiion 



1,,. Goo<^lc 



135 

hwat Are these also to be considered aa Ihings of ee\ec- 
eion and inelimtiant And if eo, can we trace ths reasons 
why Ihs laws were eatabliahed in their present form; why 
the properties which matter actually poaeeaeee were estal>- 
lished and bestowed upon it? We have already attempted, 
in a preTious pn,rt of tliia work, to point out some of the ad- 
vantages which are secured by the esisling laws of heat, 
light and moisture. Canwe, in the same manner, point 
out the benefits which arise Etcm the present constitution of 
thoae laws of matter which are mainly concerned in the pro- 
■•—--' ■Uphen'- ' 

^hough^ The laws and properties of which we have here 
loapet^, the laws of motion and the universal properties of 
matter, are so closely interwoven with our conceptions of 
the external world, that we have great iMIoulty in conceiving 

press or lift a stone, we can hardly imagine that it could, by 
possibilby, do otherwise than resist our eSbrt by its hardness 
ani by its heaviness, qualilieB so familiw to ua : when we 
throw it, it seems inevitable that its motion should depend 
on the impulse we give, just os wa find it invariably does. 
Nor is it easy to say how far it is really possible to sup- 
pose the fundamental attribulea of matter to be difterent 
mim what they are. If we, in our thoughts, attempt to di- 
vest matter of its powers of resisting and moving, itceaseH 
to be matter, according to our conceptions, and we can no 
longer reason upon it with any distinctness. And yet it is 
certain that we can conceive the laws of hardness and 

and can point out some of the conseijuences which would 
result from such difference. The properties of matter, even 
the most fundamental and universal ones, do not obtam by 
any absolute necessity, rssemhling that which belongs to 
the properties of geometry, A line touching a circle is n*- 
xesarUy perpendicular to a )me drawn to the cenlre,lhrough 
the point touched ; for it may be shown that the contrary 

supposing that a body's 
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Thus Ihe propertiea of matter and Ihe laws of motion 
what we find them, not by virtue of any iniernEl neeesi 
which we can vindersiand. The Bloiiy of such laws i 
ptoperties may therefore disclose lo us Uie charaetet of I 
vXternal agency by v/hich we conceive them to have b 
delermineaio be what they are ; and this must be the si 
agency by which all other parts of the constitution of 
universe were appointed atid ordered. 

But w. .. . 
that we shall bt 
view of the reasons why these general laws are so Gele'cied, 
and so established. iBese laws are tha universal basis of 
all operations which go on, at any moment, in every port of 
space, with r^ard to every particle of matter, organic and 
inorganic. All other laws and properties must have a re- 
ference lo these, and must be influenced by theni { both 
BUch as men have alrsady discovered, and the far greater 
number which remain Etill uiifenown. The general econo- 
my and mutual teiations of all parte of the universe, must 
be subordinate to the laws of motion and matter of which 
we here speak. We can easily suppose that the various 
processes of imture, and the dependencies of various crea- 
tures, are affected m the most comprehensive matmer by 
these laws ; — are simplified by (heir simplicity, inade con- 
sistent by their universalily i rendered regular by their 
symmetry. We can easily suppose that in this way there 
maybe the moat profound one! admirable reasons for the 
existence ofthe present universaJ properties of matter, which 
we cannot apprehond in consequence of the litnited nature 
of our linowlet^e, and ofour fecultiee. For, compared with 
the whclB eilent of the universe, the whole aggregate of 
things and relations and connexians which exist m it, our 
knowledge is most nairow and partial, most shallow and 
superficial. We cannot suppose, therefore, that the rea- 
sons which we discover for tlie present form of the laws of 
nature go nearly lo the full extent, or lo the bottom of the 
reasons, which a more complete and profound insight would 
enable us lo perceive. To do justice to such reasons, would 
require nothing less than a perfect acquaintance with the 
whole constitution of every part of creation i a knowlcdgi 
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We are oertain, therefore, that our views, with reaard to 
Ihispartofoutsubjecl, must be iinper&ct and Jimiied; Yei 

tioos of nature; and wiili regard to thoss nioEl generai and 
comparatively simpls iocls lo wliicli we Dov refer, hia 
knowledge is more oomprehenaive, and goes deeper ttan it 
does m aaj other province. We conceive, therefiwe, that 
we shall not be engaged in any raah or preaiimpluoua at- 
tempt, if we endeavour to point out some of the a Jvanlages 

geneial mechanical fawa of nature -, and to suggest the i>er- 
suaaioa of that purpose and wise desi^, which the eeleo 
, of such laws will thus appear to imply. 



CHAPTER X. 

TVie Law of Cfnit>itaiion. 

Wjs shall proceed to make a few observations on (he 
Law of Gravity, in virtue of which tha motions of planets 
about the Eun, and of aateltites about (heir planets lake 
place ; and by which also are produced Ihe fall downwards 
of all bod iea within our reach, and the preaaure which they 
esett upon their supports when at rest. Tha identificaiion 
of the ttttler.forces with iJie former, and the diacovery of tJw 



it appear that thia law ia ealahlished by an intelligent and 
oomprehensive seleBtion. 

The law of the sun's attraction upon the planets is, that 
thia attraction varies iniier«e2i/ae Ihe square of the dislaiice; 
that is, it decreases aa that square increaaos. If we tatte 
three points or planets of the solar system, the distances ol 
whioiirromtheaunarain proparpropartion one, two, three- 
the atlractiva force which the sun at these diatanceacxerciass, 
ia as one, one-fourtli, and one-ninth respectively. In the 
smaller vnrialions of distance which occur in the eliipticaJ 

same law. Moreover, not only docs the sun attract the pla- 
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nets, touttneyaUroGteachotliei' according to the BanielB.w; 
the tendency lo the earth which makee hodieE heavy, is one 
of the effecls of this law : and all these effects of the Btlrao- 
'.iona of laige masses may be traced to the attractions of the 
particles of which they are composed ^ so that the fioal^cnc- 
raiiaation, including aJlthe derivative laws, is,thateverjpar. 
tide of mailer in the universe attracls every other, according 
tn the law of the inverse square of the distance. 

Suoli is the law of universal gravitation. Now, the ques- 
tion is why do either tha attractions of masses, or those of 
their component particles, follow this law of the inversB 
square of the distance rather than any otherl When the 
distance becomes one, two, and three, why should not the 
force also become one, two, and three 7 — or if it must bo 
weaker at points more remote from the attracting body, why 
should it not be one, a half, a third 7 or one, an eighth, a twen- 
ty -seventh ? Such laws could easily be expressed oiaihe- 
maiically, and their consequences calculated. Can any rea- 
son be assigned why the law which ws iind in operation 
mast obtain! Can any be assigned why it Khoald oblainT 
The answer to this is, that no reason, at all satistaclor)', 
m why such a law must, of necessity, be what it 
itrong reasons can be pointed out why, for 
dvaiitage of the system, the present one is 
better than others. We will point outsome of these reasons. 
1. In the first place, the system could not have subsisted, 
if the force had followed a direct instead of an inverse law, 
with respect to the distance ( that is, if it had increased when 
the distance increased. It has been sometimes said, that 
" all direct laws of ibfoe ore excluded on aeoountoflhe dan- 
ger from perturbing forces ;"■ that if the phinets had pulled 
at this earth, tlie harder the further off they were, they 
would have dragged it endrely out of its course. This is 
not an exact statement of what would happen ; if tlie force 
were to lie simply in the direct ratio of the distance, any 
number of planets might revolve in the most regular andor- 
deily manner- Their mutual effects, which we may call 
perturbations if we please, would bs considerable; but these 
perturbations would be so combined with the nnpertuiied 
motion, as to oroduce a new motion not less regular than 
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(he other. ThiscunouareeuJtwouidfoHow, ilial every tody 
in the Byeleni wouW describe, or seem lo describe, about every 
other, nn exact elliptical orbit; and that thelimee of the rC' 
Toiulioii of every boUy in its orbit would be all equd. This 
is proved by Newlon, in the aixty-fouitii proposition of the 
principia. There would be nothing to prevent all the pla. 
nets, on this suppoaitian, from moving round the sun in or 
bits eiactly eii'oular, or nearly circular, according lo the 
mode in vhich they vrere set in motion. 

But though llie perturbatkma of the syatem would not 
make Ibia fiiw inadmissible, there aie other circumsloiiccs 
which would do so. Under this law, the gravity of bodies 
at the earth's surface would ceaee to exist. Noihing wo\iId 
fall or weigh downwards. The greater action otthe distant 
sun and planets would exacily neutralize the gravity of ihe 
earth: a ball thrown from the hand, however gently, would 
immediately become a satellite of the earth, and would for 
the future accompany it in its course, revolving about it in 
the space of one year. All terrestrial things would fioat 
about with no principle drcDherenee or stability ; they would 
obey the general lawof the system, but would acknowledge 
no particular relation to the earth. We csn hardly preieoi} 
lojudaeofthe abstract possibility of such a system of things; 
but it IS clear that it could not exist widioutan utter subver" 
sioQ of all that wo ean conceive of the economy end siruc- 
tare of the world which we uihabit. 

With any other direct law or force, we should in like 
nannerlose gravity, without gaining the tbeor^ical regula- 
rity of the planetary motions which we have described in 
the case just considered, 

2. Among iitiwrse laws of the distance, (that ia, those ac- 
cording to which tbe force duniniahes as the distance from 
the origni of force increaaea,) all which diminiah the central 
force &ter tlian the cu6e of the distance increases are inad- 
miasible, because they are incompatible with the permanent 
revolution of a planet. Under such laws it would follow, 
that aplanet would describe a spiral line about the sun, and 
would either approach nearer and nearer lo him perpetually, 
or perpetually go further and further off: nearly as a stone 
atihe end of Batting, when the string is whirled round, and 
is allowed to wrap round the hand, or to unwrap from it, ap- 
proaches to or recedes from the hand. 



1,,. Goi.><^lc 



1 the law ot their 


iveree equarB 


'in^mSsible, as 


central force. 


1 for ineiance, 


distance, a consii 


Jerable quan- 



of the diaiance, which really 
with olher Jawe, not obviously ' 

tily oF calculation is found to be neceesai 
the results, and especially the perlurbationa ju uic iwu uusTfs 
The perturbations in the supposed caee have not been calcu 
lated ( such acalcujalionbeuiga process 80 long and labori-— 



He through, except for the purpose of cc 
ringlhereeulisof theory with Chose of observation, as v 
n & with regard to the law of inverae square. We a 



only say, IhereSire, that the stability of the system, and the 
moderste limits of (he perturbations, which wa know to be 
secured by the existing law, would not, so &r as we know, 
be obtained by any different law, 

Without going into furllier examination of the subject, we 
may observe that there are some circumstances in which 
the present system has a manifest superiority in iia simpli- 
city over the condition which would have belonged to it if 
the force had followed any other law. Thus, with the pre- 
sent law of gravitation the planets revolve, returnititj per- 
petually on Che same tractc, very nenrl^. The earth descnbea 
an oval, in consequence of which motion she is nearer to the 
sun in our winter than in oiu summer by about one thirtieth 
pare of the whole distance. And, as the matter now is, the 
nearest approach to the sun, and the ferthest recess from 
him, occur always at the same points of the orbiu There 
is indeed a slight alteration in these points arising from die- 
turbing forces, but this is hardly sensible in the course of 
several ages. Now if the Ibrcc had followed any oChei 
law, we sSould have had the earth running perpetually on 

occurred at different parts in every Euccessive revolution. 
The orbit would have perpetually intersected and been inter- 
laced with Clie path described in former revolutions; and the 
■implioity anct regularity which characterizes the present 
motion would have been quke wanting. 

3. Another peculiar point of aimplicity in the present 
law of mutual attraction b this: that it makes ttie law 
spherical 
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Heles, will exert a force which follows the same law. In 
Ihis choraRler [lie prEsent law is singular, among nil jkibij^ 
ble laws, Bsceiiling Ihot of the direot dislance which we 
have already diseusned. If ihe law of the gravitation of 
panicles had been thai of Ihe inverse simpla distance, the at- 
Irsction of a sphere would have been expieeeed by a com- 
plex eerieE of malhemalioal expfessiona, each repreeenting 
_ .1. .... i_... .. ■_ ..... irkable that the law of the 



chaniam is, that it arises from the action of the particles of 
llie syEtern, should lead ut lo ^e tame law for the action of 
these particles : IhereisBBtrilrmgyrenigMiiYe otiiniplicitj' 
in the law thus adopted. 

The law of gravitation actually prevailing in the solar 
system has thus great and clear advantages over any law 
widely diflerent from it ; and has moi^over, in many of its 
consequencea, a simplicity which belongs to Ihis precise 
.aw alone. It is in many such respects a unique law ; and 
when we consider thai it posBeeses several -properties which 
are pecvllar to it, and several advantages which may be 
peculiar to i^ and which are certainly nearly so ; we have 
some ground, it would appear, to look upon lie peculiarities 
and iteadvantages as connected. For the reasons mention- 
pd in rhe Inot cfianti'.r. w* can hardly expect to see fully the 
is benefitted by the simplicity ot 
hematical elegance of its conse- 
_ ethalithaE some such beauties, 

Ignorance and limil&i capacity alone prevent our seeing 
that there are, for the selection of this law of forec, reasons 
of a far more refiiied and comprehensive kind than we can 
distinctly apprehend. 

4. But before quitting this subject we may ofler a few 
further observations on the question, whether gravitation 
and the law of gravitation be necCEHirv attributes of matter. 
We have spoken of the selection of this law, but is it se- 
lectedl Could it have been otherwise f Is not tile force of 
attraction a necessary consequence of the fundamental pro- 
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Ihat gravity ia an innerent properly of all matter ; olhers, 
wiih Weu'lon himael^ have considered itaa aiiappendagB 
to ihe caaential qualitiea of matter, and have propoaod hy- 
potheaes to accoitot for the mode in which its effects are 
produced. 

Tlie reauit of all that can be said on the aubject appeara 
to be this : that no one can demonstrate the posaibility of 
deducing gravity from the achnoivledged fundamental pro- 
perties of matter : and thai nophiloaopheroaaerts, that mat- 
ter has beeD found tu exist, which was destitute of gravity. 
It is a property which we bavs no right to oall tiecessary to 
matter, but every reason to auppose univerBol. 

If we could allow gravity to be a nceoasary consequence 
of those properties wnich we adopt as essential to our no- 

mighl then call it also one of the essential properties. 
But no one ;probably will assert that thia is the case. Ita 
universality la a fact of ol^aeTvatum merely. How then 
can a property,— in itaeiistenca ao needful lor the support 
of the univerae, in its laws so well adapted to the purposes 

found every where ia necesBary for its uses ; but this is so 
tar from being a. aufficient exphinatioa of its eiiaience, that 
it is an additional fact to be explained. We have here, 
then, an ageney moat simple in its rule, most comprehen- 
sive in its influence, most effectual and admirable in ita 
operation. What evidence could be afforded of design, by 
lawa of mechanical action, which this law thus existing 
and thus operating does not afford ua ? 

5, It ia not neeesaary for our purpose lo consider the the- 
ories which have been propoaed to account for the action of 
gravity, "Riay have proceeded on the planof radueina; this 
action to the result ol presaure or impulae. Even it^such 
theories could bs established, they could not much, or at tjl 
atlect our argument ; for the arrangements by which pressure 
or impact could produce the effects which gravity produces, 
must be at least as clearly results of contrivance, as gravity 

In Wit, however, none of these attempts can be consider- 
able: it ia found among the Q,ueriea in tlio Becond edition of 
his Optica. " To show." he says, " that I do not take gra- 
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vity for an asasntial property of bodieg, I jiavs added ona 
question concerning its causa, choosing to propose it by 
tray of question, bei;auee I am not yet aatisfieil about it for 
want of eiperimems." The hypothesis which he thus sug- 
gests is, that there is an elastic medium pervading all space, 
and increasing in elasticity as we proceed fram dense bodies 
outwards : tlmt this ■' causes ibe gravity of such dense bo- 
diaa to each other: every body endeavouring to go from 
the denser parts of the medium lawu^^e the rarer." Of this 
bypathe»3 we may venture to aay, that it is in the lirat 
place quite gratuitous; vra cannot trace in any other pheno- 
mena a medium possessing these properties : and in the 
next place, that tile hypothesis contains severaJ suppositions 
whicli are more complex Ilrnn the fact to be explained, and 
none which are less bo. Can we, on Nevrton's principles, 

particles, repelling each other? and is the repulsion of such 
particles a simpler fact than the attraction of those which 
gravitate t And when we suppose that tlie medium becomes 

oause can nre conceive capable of beeping it io such a con- 
dition, except a repulsive force emanating from the body it- 
self : aauppositionat least as much requiring to be account- 
ed for, as the attraction of the body. It does not appear, 
then, that this hypothesis will bear examination ; although, 
fiff our purpose, the argument would be rather strengthened 
than weakened, if it could be established. 

6. Another tlieory of the oause of gravity, which at one 
time excited considerable notice, was that originally propos- 
ed by M. La Sage, in a memoir entitled " Lucrcce Newio- 
nien," and further illustrated by M. PrevosC; according to 
which all space is occupied by currents of matter, moving 
perpetually in straight lines, m all directions, with a vast 
velocity, and penetratmg all bodies. When two bodies are 
near each other, they intercept the current which would 
flaw in the inteimadiala space if they were not there, and 
thus receive a tendency towards each other from the pres- 
mre of the currents on the farther aides. Without examin- 
ing further this curious and ingenious hypothesis, we m6.y 
make upon it the same kind of observations as ba fore (—thai 
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dn lo De shown what necesBity has caused the exialen 
these ticokinda of matter i the first kind being that whii 
ccminonly oalltd matter, and which alone afleots o' 



minonly oalli 
s, while it is 



any tendency to 



,. , . . , srof the former 

tind j yet exerting an impulse on every raalerial bqdy, per- 
meating every portion of common matter, flowing with in- 
flonceiviU>le velocity, in inexhaustible abundance, ffom every 
part of the abyss of infinity on one eide, to the opposite part 

nity it can never bend its path, or return, or tarry in ila 

If wa vrere to accept this theory, it would little or no- 
thing diminish our wonder of the alrueture of the universe. 
Wo niijghl well continue lo admire the evidence of contriv- 
ance, ifsucb a machinery should be found to produce all the 
effects which flow from the law of gravitation. 

7. The argumeota for and against the necessity of the hiw 
of the inverse square of the distance in the force of gravity, 
were discussed with great animation aboutlhe middle of the 
last century. Clairault, an eminent mathematician, who 
did more than olmoai any ot 

__j j_...i_ __. .r .L_ T>'e«r[onian oocirmei , 

mly that the inverse 
also that it was not 
the inie law. The occasion ot this controvarsy was some- 
what curious. 

Newton and other astrotiomers had found that the line of 

lances from the earth) moves round to different parts of the 
heavens with a velocity twice as great as that which tha 
calculation from the law of gravitation seems at first to give. 
According lo the theory it appeared that this line ought to 
move round once in eighteen years ; according lo obaecra- 
tion, it moves round once in nine years. This difference, 
the only obvious foilure of the theory oF gravitation, embar* 
raised mathematicians esceedingly . It is true, it was aJ5er- 
wards discovered that the apparent discrepancy arose from 
a mistake! '■^ calculation, which is long and laborious, 
\rt% supposed to hive been carried far enough lo get close 
10 the tralhi but it appeared afterwards that Ihe residua 
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which had been ieft out as Lnaignifiotuit, prodneed, by on 
unexpected turn in the reckoning, an effect as larae as that 
which had been taken for the whole. Bm thia discovery 
was not made till afterwards J End in the mean lime ilie law 
of the inverse square appeared to be at fault. Clairault tried 
to remedy the defect by supposing that the force of the eartli's 
gravity consieled of a large force vatying as the square ol 
the distance, and a very email force varying aa the fourth 
power (the equare of the aquu^) By euch a auppoBitkin, 
observation eind theory could be reconeilffJ; but ontlie sug 
geation of it, Buftbn ^ame forward with the aKEertion thai 
the force coii/rf not vary according to any other law than the 
inverse Bquare. His argument* ace rather metaphysical 
than phyBicaJ or mattiematica!. Gravity, he urges, is a 
quality, an ematialioi) j and all emanations ate inversely as 
the square of the distance, as light, odours. To thieClai- 
rault replies by asking, how we know that light and odoun 
have their intensity inversely as the square of the distance 
from their origin i not, he observes, by measuring the inlsn- 
Bity, but by supposing these efleots to be material emana- 
tians. But who, he asks, supposes gravity to lie a maw- 
rial emanation jTOin the attracting body. 

BufBin again pleads that so many facts prove the law ol 
the inverse square, that a single one which occurs to inter- 
fere with this agreement, must be in some manner capable 
of being explained away. Clairault replies, that the facts 
do not prove this law to obtain exactly ; that Email eHects, 
of the sanie order as the one under discussion, have been 
neglected, and that therefore the law is only known to be 
true, atfaf as each an approximation goes, and no farther. 

BuSbn then argues, that there can be nc such additional 
fraction of the force, following a different law, as Clairault 
BUpposeS! for what, he asks, is there to determine the mag- 
nitude of the ftaclion to one amount rather than another? 
why should nature select for it any particular magnitude? 
Toihiaitisreplied, that, whether we explain the feel or not 
nature does select certain tnagnitudes in preference to others; 
that where we ascertain she does thia, we ate not to deny the 
fact because we cannot assign the grounds of her prefer- 
ence. What is there, it isafiked, to determine the magni- 
tude of the whole ftitce at any fixed distance 1 We cannot tell ; 
yet the force is of a certain definite intensity and no other. 
M 
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Finally, Clairault obaetvas, that we have, in coheaioii, 
forces varying according m other laws than the inverse 

The discrepancy between obaenation and theory which 
gave riee to this oontcoverey was removed, ns has been al- 
ready staled, by a more exact odoulation ; and thus, as La- 
place observes, in Ibis case the metaphysician turned out 
to be right and the mathematician to be wrong-. But most 
persons, probably, who are familiar with such trains of ape- 
culalion, will allow, that Clairault had the beat of the argu- 
ment, and that the attempts to ahow the law of gravitation 
to be neoesaarily what it is, ats fallacioua and unsound. 

8. We may observe, however, that ^e law of gravitation 
a(»»rding to the inverse square of the distance, which thus 
regulates the motions of the solar system, is not contined to 
that province of the universe, as has been shown by recent 
researclies. It appears by ^e observations and calcula- 
tions of Sir John Heischel, that several of the stars, called 
doiMe elars, consist of a pair of luminous bodies which re- 
volve above each other in ellipses, in such a manner as to 
showthat the force, by whieli they are attracted to each 
other, varies according to the law of the inverse square. 
We thus learn a remarkable fact coneemiog bodies which 
seemed so Ur removed that no effort of our science could 
reach them ; and we find that the same law of mutual attrac- 
tion which we have before traced to the fartlirat bounds of the 
solar system, prevails also in spaces at a distance compared 
with which the orbit of Saturn shrinks into a point. The 
establishment of such a truth certainly suggeaia, as highly 
probable, the prevHlenca of the law among all the bodies of 
the universe. Andwe may therefore suppose ; that the same 
ordinance which gave to the parts of our syaiem that njle 

2" which they fulfil the purposes of their creation, impressed 
i same rule on the other portions of matter which are 
scattered in the molt remote parts of the universe ; and thus 

Cve to their movements the same grounds of simplicity and 
rroony which we find reason to admire, as far as we can 
acquire any knowledgeof our own immediate neighijour 
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CHAPTER XL 
The Laws (if MotioTU 

We ahall now make a fenr remarks on the general Lawa 
of Motion hy -which all mechanical effeoia lake place. Are 
we to conaidcr tVieae as instituted laws? and if so, can we 
point oulanv of ihe reasons which we may supposB to have 
fed to the eeleotion of those laws which realjy exist. 

The obaervatione formerly made concerning the ineviuihle 

subjects apply here, even more strongly than in the case of 
the law of gravitation. We can haiilly conceive matter di- 
veeted of these lawa i and we cannot perceive or trace a 
millionth part of the effects which they produce. We can- 
not, therefore, expect to go far m pointing out the advantages 
of these laws such as Ihey now obtain. 

It would be easy to sliow that the fundamental laws Of 
motion, in whatever form we stale tliem, possess a very pre- 
eminent simplicity, compared with almost all others, which 
we might imagine as existing. This simplicity has indeed 
produced an ettecton men's minds which, though delusiv^ 
appears to be very natural; several writers have treated 
these laws as self-evident, and necessarily flowingfrom the 

roneoua view, and tbal these laws are known to ua to be 
what they are, by experience Oiilv; thalthey might, so far 
as we can discern, have been any others. They appear 
therefore to be selected for their fitness to answer their pur- 
poses { and we ma3^, perhaps, be able to point out some in- 
stances in which this Alness is apparent to US. 

Newlon, and many Enslish pliilcsophera, teach the ex- 
istence ut three separate fiindamenlatlawsof motbn, whils 
most of the eminent mathematicians of Prance reduced thern 
to iMO, the law of inertia and the law that force Is propor- 
tioned to velocity. As an example of the views which we 
wiaiito illustrate, we may take the law of inertia, which is 

aerts. that a body at rest continues at rest, and tlial a body 
in motion goes on moving with its velocity and direction 
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We conceive ihnl this taw, simple and univeraal ae it is, 

cult lo diseuefl Ihis poim in general lerma -with sny clear- 
ness; but let ua take the only e:uiinple which v;e know of n 
motion absolutely uniform, in coneequence of the absence of 
any force lo accelerate or retard it i—thia motion is the rota- 
tion of the earth on its axis. 

1. It 13 Ecarcely possible that discussions on snch subjeBte 
should not have a repulsive and Boholaatic aspect, and ap- 
peEir like disputea about words rather than things. For me- 
chanical writers have exercised all their ingenuity so to cir- 
cumscribe their motions, and so to define their ierms that 
these fundamental truths should be expressed in the sim- 
plest manner ! the consequence of which has been, that they 
have been made to assume the appearance rather of identi- 
cal assertions than of genera) facts of CKperience. But in 
order lo avoid this inconvenience, as far as may be, let us 
take the fiTat lav) of loMion as exemplified in a particular 
case, the rotation of the earth. Of all the motions with 
Each 



e that a difference of hundredth of a second of 
time should have obtained between the length of the day in 
the earhestages and at the present lime. Now why is this? 
How it this very remarkable uniformity preserved in this 
particular phenomenon, while all the other motions of the 
•vslem are aubjett to inequalities'! How is it that in the 
fdesliai machine no retardation takes place by the lapse of 
time, as would be the case in any machine which it would 
be (lossible for human powers lo construct 1 The answer is. 



Third Low. When a force of the natni 
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ftintion of supporis, the raeistatiQe of 

impedimenta which coniioT, inan^^hi 

ever perfect, be compleiely annihilaled. But here ws are 

led to aak ^aiii, why should the apsed oontinua the same 

when Dot affected by an extraneous cause 1 Why should it 

That it might do en, involves no contradiction, for it was 
the common, though erroneous belief of all mechanical Bpe- 
oiilators, 10 the lime of Ghihleo. We can conceive velocity 
to diminish in proceeding from a certain point of time, aa 
easily aa we can conceive force lo dlminien in proceeding 
from a certain point of apace, which in attractive forces re- 
ally occurs. Bui, it is somelimea said, the malign (that is 
the velocity) mast continue the saine from one instant to an- 
other, for there is nothing to change iU This appears to 
be taking refuge m words. We may call the velocity( that 
is the speed of a body, its motion ; but we cannot, by giving 
it this name, make it a (Atnir which has any a prion claim 
10 permanence, much less any self-evident eoDBtancv. Why 
must the speed of a body, left to itself continue the same 
anymore than its teramralure; Hot bodies grow cooler of 
thcmselvea, whyshouldnotquickbodiesgoslower of them- 
selves? Why muatabodydeeoribeo^ethouEandfeet inlJie 
next second because it has described one thouBtind teet in 
the fnat'f Nothing but expetienee, utider proper oircum- 
Btanoes, can inform ua whether bodies, abstTEicling from ex- 
ternal agency, do move according lo such a rule. We find 
that they do so, we learn that alT diminution of their speed 
which ever takes place, can bo traced to eiternal eauaes. 
Contrary to all that men had guessed, motion appears to be 
of itself endless and unwearied. In order to account tot the 
unalterable permanence of ^e length of our day, itll that is 
requisite is to show that there ia no let or hindrance in tha 
way of the earlh'a rotation i— no resisting medium or altera- 
tion of size, — she " spinning aleeps" on her aitlB, ea the poet 
expresses it, and may go on sleeping With the same regu- 
larity for ever, so far aa the experimental properties of mo- 
tion are concerned. 

Such is the neceasEiry consequence of the first law of mo- 
tion i but the law itaelf has no necessary existence, id far ai 
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tKB and false conjeoluteE 

have learnt that it is bo, uui >><^ uavn iwi waii^i,iiui i^nuu; 
. one underlalw to teach us, that it muat have been bo. For 
Gughl ve t3,a tell, it ia one amung a thousand equally pos- 
sible lawB, which might have reguUled tlis motiona of 

2. But though we have thus no raaaon to consider thia as 
the oni; possible law, we have good reason to conaidet it as 
the best, or at least as poaseaaing all that we can conceive 
of advantage. It ie the simjiiest conceivable of such laws. 
If the velocity had been compelled to change with the [ime, 
there must have beenalaw of the change, and the kind and 
aniouni of thia change must have been determined by its de. 
pendence on the time and other conditions. This, though 
quite EUpposable, would undoubtedly have been more com- 
plex than the present etats of things. And though com- 
E lenity doea not appear to embartaaa the operations of the 
iwsoE nature, and is admitted, without scruple, when there 
is reason for it, simplicity ia the usual character of such 
laws, and appears to have been a ground of selection in the 
Formation of the universe, as it is a mark of beauty to ua in 
our contemplation of iU 

But there is a still stronger apparent reason for the selec- 
tion of this law of the preservation of motion. If the case 
had been otherwise, the universe must necessarSy in the 
course of ages have been reduced to a state of rest, or ac 
least to a state notsensiblydlfieringhviitiil. Ifthe earth's mo- 
tion, round itEajtii, had slackened by avery small quantity, 
for instance, by a hundreth of a second in a revolution, and 
in this propiHtion continued, the day would have been al- 
ready lengthened by lix hours in the six thousand yeara 
which have elapsed since the history of the world began j 
and if we suppose a longer period to precede or to follow, 
the day might be increased to a month or to any length. All 
the aimplaliOHa which depend on the length of iheday.would 
consequently be deranged. But this would not be all ; (be 
the same law of motion is equally requiaite for the preserva- 
tion of the annual motion of the earth. If her motion were 
retarded by the establishment of any other law Instead of 
the exisiing one, she would wheel nearer and nearer to die 
Bun at every revolution, and at last reach the centre, like a 
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Tailing hoop. The same would happen 10 (he other pla- 
neli 1 and ihe whole solar Gysiem would, in Ihe course of a 
carlain period, ba gathered into a heap of matter without life 
or motion. In the present etate of things on Ihe other hand, 
the ayBlem, bb we nave already explained, is, by a combina- 
tion of remarkable provisions, ralculated for an almost inde- 
finite existence, of undiminiehed Htness for its purposes. 

There are, therefore, manifeit reasons, why, of all lavTs 
which could occupy the place of the first law of motion, the 
one which now obtains la the only one coneistent with the 
durability and uniformity of the system ; — the one, there- 
fare, which -wa may naturally conceive to be selected by a 
wise contriver. And as, along with tlus, it has appeared 
that we have no right to attribute the establishment of this 
law to Buy thing but selection, we have here a striking evi- 
dence, to lead UB to a perception of that Divine mind, by 
which, means so simple are made to anatver purposes so eit- 
tenaive and so benefioial. 



CHAPTER XII. 
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The hoop of Ihe Bohool boy, left lo ileelf, runa on a short dia- 
taoce,aTid then stopa; his top apinsahttle while, but finally 
flogs and fella ; all motion on the earth appears to decay by 
ila own nature ; all matter which we move appears to have 
a, perpetual tendeaoy lodiveBtitaelf of the velocity which we 



It is reconciled principally by considering the effect of 
Friction. Among terrestrial objects friction exerts an agen- 
cy almost as universal and constant as the lawe of motion 
themselves) an agency which completely changes and dis- 
guises the results of those iaws. (Ve Eliall consider eome 
of these effects. 

It is probably not necessary to explain at any length, the 
nature and operation of friction . When a body cannot move 
without causing two surfaoeB to rub together, this rubbing 
has a tendency to dimmisli the body's inotion or lo prevent 

1 ■_.._ |^j^j,.._.. ^__. ...... ..J .. .U .L 



If the body of a carriage be placed 
without the wheels, a considerable force will be 



placed on its wheels, a much less force will 
,1 ;. __:ii -t is the fr-—- ■ ■ 



K the carriage be 
it, but if 



moved it will soon slop : it is the friction at the ground s 
Ihe axles which stops iti placed on a level railroad, w 
ill made and well oiled whc ' ' 



might run a considerable distance alona, lor the fric 
here much less ; but there is friction, and liierefore It 
tion would alter a time cease. 



force which is called into play to an extent incomparably 
greater than all the other forces with which ws are concern- 
ed in the course of our daily life. We are dependent upon 
it al every instant and in every action; and ilis not possible 
lo enumerate the ways in which it serves us; scarcely even 
to suggest a sufficient number of Ihem lo give us a true no- 
tion ofiis functions. 

What can appear a more simple operation than standing 
and walkingi yet it is easy to see that without the aid of 
friction these simple actions would scarcely hi possible. 
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FRICTION 1E3 

Every one knows how difficult and dangerous ihey are 
wlien perlbrmed on amoolli ice. In sucha situation wa can- 
not always succeed in aianding : iftlie ice be very smoolii, 
it ia by no meana easy to walk, even when the aurtace is 
perfectly level g and if it were ever so little inclined, no one 
would make the atlempl. Vet tveJking on the ice and on 
the Efountl differ only in our esperiencing nioje fiiotion in 
the Tatter caae. We say more, for there is a coDiiderabie 
friction even in the case of ice, as we see by Ibe email dis- 
tance which a stone slides wtjen thrown along the surface. 
It is this friction of thf earth which, at every step we take, 
prevents the toot from eliding back ; and thus allows us to 
push the body and the other foot foiwerdB. And when we 
come to violent bodily motions, to running, leaping, pulling 
or pushing objeclH, it is easily seen how entirely we depend 
upon the motion of the ground for our strength and force. 
Every one knows how completely powerless we become in 
any of these actions by thejbol sUpping. 

In the same manner it la the friction of objects to whidi 
the hand is applied, which enables us to hold them with any 
degree of firmness. In some contests it was formerly the 
custom for tho eombatanta to rub their bodies with oil, that 
the adversely might not be able to keep his grasp, if the 
poleofthe boatman, the rope of tlie sailor, were thus smooth 
and lubricated, how week would be the thrust and the pull! 
Yet this would only be the removal of friction. 

Our buildings are no less dependent on this force for their 
Elability. Some edifices ate erected without the aid of ce- 
ment \ (Uid if the atones be laige and well squared, such 

when tude and slight, houses so built answer the purpOBea 
of life. These are entirely upheld by friction, anil without 
that agent they would be thrown down by the Zephyr, far 
more easily than if ail the stones were lumps of ice with a 
thawing surface. Bui even in cases where cement bisuU 
the masonry, i t doea not take the duty of holding it together. 
In consequence of the exiatenceof friction there IS noconsanl 
tendency of the atones to separate ; they are in a state of re- 
pose. It this were not so, if every shock and every breeze 
required to be counteracted by the cement, no composition 
exieta which would long sustain such a wear and tear. The 
cement excludes the corroding eiemcnu^ and helps to resiac 
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BxlraordiniLTy violence; bulitisfticlloninhich gives lliB hs- 

We are not lo conEider friclion as a sriia/J force, Elightly 
modifying Xhe efleclE of other agencies. On the cantcacy ita 
ovnount la in mosl coece very great. When a body lica 
loose on the ground, ihei'riclioD is equal to one-third or one- 
half, or in some cbecs the whole of ita weight But in casta 
of bodies eupporled by oblique prcEsure, the amount ie far 
more etiormoua. fn the arch of a bridge, the frictbn which 
is called iiilo play between two of the -vaulting Elones, may 
be equal lo the whole weight of Ihe bridge. In Euoh caseii 
lliis conservalive force ie so great, thel the FOmnion theory, 
which neglcelB il, does not help us even lo guesa what will 
(Bke place. According lolhe theory, certain forms of arches 
only will stand, but in pvactice almost any form will stand, 
anti it is not eaay lo construct a model of a bridge which 
will fell. 

We may see the great force of friction in the hrate, by 
which a large weight ranning down a long incluied plane 
has its motion moderated and stopt; in the windlaaa, where 
a tew coilB of the rope round a cylinder Buaiain the streaa 
and weight of a lara;e iron anchor ; in the nail or screw 
which holds together large lieams : in the mode of raleing 
large blocks of granite by an iron rod driven into a hole in the 
atone. Probably no greater forces are exercised in any pro- 
cesses in the arta than the fores of friction; and it is always 
employed to produce rest, stability, moderate motion. Being 
always ready and never wearied, alwaya at hand and aug- 
mentm^ with the exigency, itreeuIateB, controls, subduea 
all mouons ;— eounleracta all other agenisv-and iinally 
gains the mastery over all other terrestrial aaencies, how- 
ever violent, frequent, or long conlinued. The perpetual 
action of all other terrestrial ibrcea appeara, on a large ecale, 
only as eo rnany interruptions of tlie constant and stationary 

The objects which every where Bun-ound us, the books 
or dishes which stand on our tables, our tables and chairs 
themselves, the loose clods and stones in the field, the 
heaviest masses produced by nature or art, would be in a 
perpetual motion, quick or slow according lo the forces 
whicli acted on them, and to their size, if it were not fiirthe 
tranquillizing and steadying effects of tlu agent we are con- 
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mdering. Wilhoul Ihis, our aparlineiili, if they kept their 
shape, would exhibit to UB aniclee of furniture, and of all 
oilier kinds, slidiag and creeping froin side to side with every 
[wsh and eveiy wind, like loose objects in a ship's cabin, 
when she is changing her course in a gate. 



2. Now we have to observe concerning this agent, E^ic- 
^on, that wa have no ground for asserting it to be a necea- 
»ary result ofother properties of matter, for instance, of their 
solidity and coherencv. PhilosophetB have not been able 
to deduce the laws of friction h:ani the other known proper- 
ties of moltar, nor even to suplain what wa know experi- 
mentally of Bitch laws, (which is not much,) without intro- 
ducing new hypottiesea concerning the surfaces of bodiea, 
&C.— -hypotheses which are not supplied by any other set 
of phenomena. So far as our knowledge goes, friction is a 

a property, "' ' :_. j .. r • i.. 

— ._i, ju|. □uniouiar our. — 

ir for the u 
daily life of man, we have alr^y seen. 

We may make suppositions as to the mode m which fric- 
tion Is connected with the texture of bodies : but Ihtle can be 
gained for philoaophy, or for apeoulation of any kind, by 
'i conjectures respecting unknown connexiona. If, on 



the other hand, we conaider thia property of 
find that it prevails there, and there only, when 
functions, analogies, and relations of the uni^ 
it. we ahall probably receive a strong impressio 
introduced into the ayaiem of the world/or a f 
3. It is very remarkable tha' this force, whic 
efficBcioui and discharges such important o 
earthly mechanism, disappears alnwelher whei 
the mechaniam of the heavens. All motions i 

the stars cannot go long without winding up i but the Mi 
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ihemaelves liave gone on in their couraes Tot ages, with no 
diminutionof their motions, and olier no obvious prospect 
of any change. Tiiie is bo palpahle a tact, that tho first at- 
tempts of men to syptemntize their median icid notioas vere 
founded upon it. The ancients held tliat motions were to ba 
diatinguishcd into tialurai moliona and violeTit, — the former 
goon witliaut diminution — the lattg: are soon extinguieiiedt 
— the motions of the staie are of the ftirmar kind | — those of 
a stone thrown, and in short all terreelrial motions, of the 
latter. Modem philoeophera maintain that the lawa of mo- 
tion arc the aarae for oeieBtial and terrestrial bodies f- — that 
all motions are natuTol according to the above description; 
—but that in terreslriaJ motions, friction comes in and alters 
their character, — destroys them so speedily that they appear 
to have existed only during an efibrt. And that this is the 



permanent motion in the heavens, shouli on the earth, give 
rise 10 a condition in which rest is the rule and motion the 
exception? The air, the waters, and the lighter portions of 
matter are, no doubt, in a state of perpetual motion ; over 
these friction has no empire : yet even their motions are in- 
lerrnpted, alternate, variable, and on the whole slight devia- 
tiona from the condition of equilibrium. But in the solid partji 
of the globe, rest predominutea incomparably over motion; 
and this, not only with regard to the portions which cohere 
as parts of the same solid ; for the -urhole surface of the earth 
is covered with loose maMes, which, if the power of friction 
were aboiialied, would rush from their places and begin one 



IE, on tiie otner nana, ine uommion oi tnciion ^rere ex- 
tended in any considerable des;ree into tlie plattetary Bpaces, 
itiere would soon bo an end of the system. If tlie planet 
had moved in afiuid, as the Cartesians supposed, and if this 
fluid had been subject to the rules of friction which prevail 
in terrestrial fluids, Jheir motions could not have been of long 
duration. The sokr system must soon have ceased to be a 
system of revolving bodies. 

But friction is neither abolished on tho earth, nor active 
in the heavens. It operates where it is wanted, it is absent 
whers it would ba prejiidicioL And both these circum- 
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the course otnsXate. The stable condition of theobjec 



ihey cooaiEt ; iliua pianta and 



to neigtibouiftoofl, and Ite unvarying m 
of the tuminaries of noaTon, aiBiilike conducivE to hb weJI 
6eii^. This requirea that he should be able to depend upon 
a fixed order ofplatej a fixed course of lime. It tequirea, 
therefore, that terrestrial objectB ehould be aHected by fric- 
tion, and that celeaiial ohould not ; as ie the caoe, in fact. 
What furUier evidence of beneuoleiil design could ihis part 
of the constitution of the universe euppiy^ 

i. There ia another view which may be talten of the for- 
Cei which opere.te on the earth lo produce permanency or 
change. Some parte of the larreatrial syetem are under the 
dominion of pawera which act energetically lo prevent ah 
motion, ae the cryetalline forces by which the parts of tocka 
ais bound together; other parrs are influenced by powers 
■ a perpetual movement and change in the mat- 

:^.. .u 1 — ._ — J animals are in a 

agency of the vi- 
--'— - inlhela-— 

employed. Wow hi the' case of objecls affected by friction, 
we have a kind of intermediate condition, between the 
constantly fixed and the conBlantly moveable. Such ob- 
jeelB can and do move ; but they more but for a short time 

be put in motion, but stijl not with imlimued ease i a cerlain 
firute effort, different in different cases, is requisite for their 
purpose. Now this immediate condition, this capacity of 
receiving readily and alternately the ateJBs of real and mo- 
tion, is abeolutely requisite for the nature of man, for the 
exertion of will, of coolrivanoe, of foresight, as well as for 
the oomtbrt of life and the conditions of our material exia- 
lence. If all objeots were fixed and immoveable, as if fro- 
zen into one niasa { or if they were susceptible of audi mo- 
tions only as are found in the parte of vegetables, we a^ 
tempt in vain lo conceive what would come of the business 
of the world. But heaidea the state of a particle which can- 
not be moved, and of a particle which cannot be stopped, wa 
have the atale of a particle moveable but not moved: or 
moved, but moved only while we choose : and this atale la 
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thai about which Ihe powers, the thoughts, and the wnnta 
of man are mainly conversant. 

Thus tha forces by which solidity and by which orgaiiii! 
action are ptoduoeil, the laws of permanence and of de- 
velopamenl, do not being about all that happens. Besides 
those, there ia a meoluinieal condition, that of a body ex- 
posed to friction, which 19 neilherona of absolute perma- 
nency nor one nalurftlly progreaaivej but is yet one abso- 
Liitaly necessary to make material objecta oapable of bemg 
iAsirumenLaaniiaidsloman; aodtliia ia the condition of by 
hr the ffraater part of terrealrial things. The habitual 
mncse of erents with regard to motion and rest is not the 
sane for familiar movewle articles, as it is for the parla jf 
the mineral or of the vegetable world, when left to them- 
selves ; such articles are m a condition far better adapted 
than any of those other conditions would be, to their place 
and purpose. Surely this shows ua an adiiptatioii, an ad- 
jiiatment, oftheconstButionof the material world to the na- 
iiirs of man. And as the organization ot plants cannot be 
conceived otherwise than as having their lifs and growth 
for its object, so we cannot conceive that friction should be one 
ofthe leading ajeneies in the world m which mania utaccd, 
without supposing that it was intended to beof use when 
man should walk and run, and build houses and ships, and 
bridges, and execute innumerable other pcocssass, all of 
which would be impossibla, admirably eonatituled as man 
isinotherraspscts, if friction did not exist. And believing, 
aa we conceive we cannot but believe, that the lavrs of mo- 
tion and fast were thus given with reference lo their ends, 
wepereei™ in this instance, as in others, how wide and pro- 
found this reference is, how simple in its means, how fertile 
in its consequences, how effective in itd details. 
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The oontemnlaiion of the matenaH univecae enhihits God 
to us aa Ide aulW of ihe laws of material imturai bringing 
DflFore UB a wonderful spectacle, In the simpLicity, the i:Gm- 
prehsnaiveness, the mutual adaptation of these laws, and in 
the vast variety of harmonious and beneficial efscts pro- 
duced by their mutual beajing and combined operation. 
But it is the consideration of the moral world, of the tesulia 
oCour powera of thought and action, which leads us to regard 
the diHly in thatli^ht inwhicJiour relation to him becomes 
a matter of the highest intflreat and importance. We per- 
CereB that man is capable of referring hia actions to principles 
of rieht and wrong ; thai both his faculties and his virtues 
may he unfolded av3 advanced hjr the discipline which arises 
from the circumstances of human society ; that good men 
can be discriminated from chs bad, only by a course of trial, 

by strugeiBB vrith difficulty and ' " 

men feetdeep^y the need ofrelyin; 
thought of a superintending Spiri' 

of justice, our capacity for intelifci.i"ii. ~...u .uu.^.. u,— ^u^t- 
ment, and a crowd of hopes and anticipatione which rise in 
our boaoms unaoiight, and cling thero with ineihanatible te- 
nacity, will not allow us to aoquiesee in the belief that this 
iiSe is the end of our existence. We are thus led to see that 
our relation the Superintender of our moral beii^, to the De- 

[lOSttary of the supreme law of just and right is a relation of 
ocalciiahle consequence. We find that we cannot be per- 
mitted to be merely contemplators and specuiatore with ra- 
(Tard to the Qovetnor of the moral world; we must obey His 
W; we mur,t turn our affections tc Him; we must ad- 
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of iiaelf Bufficient for our support and guiilanCB : or to un Jbi-. 
ralB the manner in which o«r viavf • of the lord of tlie uni- 
verse have been, much more, perhaps, liian wo eie some- 
limes aware, illUBltaled and oonm-medby lights derived from 
reveiaiioii. We do notbere speak of the manuerin ivliidi 
men have come to believe in God, as the Oov^mor of iho 
moral world; but otthe fact, thatW the aid of one or boili 
of these two guides, Keaeon ot Revelslion, reflecting iiersuna 
in ever; a^ have been led to such a belief. And we ron- 
ceivB It may be usetui to point out soma oonneiion between 
euchabeliefofajueland holy Governor, and the conviction, 
which we have already endeavoured to impreeB upon the 
reader, of a wise and benevolent Creator of ^e phyBicul 
world. This ws shall endeavour to do in the present book. 
At the aame time that men have thus learnt to looft u|>on 
God na their Governor and Judge, the source of their eupi)oil 



tribute to him these qualities in a mode and degree eiclut 
all limit :— to consider him aaalmiffhty, all-wise, ofinfi 
knowledge and ineithaustiblB goodness every where 



ill limit :— to consider him aaalmiffhty, all-wise, of infinite 
viedge and ineithaustiblB goodness every where pre- 
end active, but incomprehensible by our minds, both in 



er of his agency, and the degree of his perfect 

And this impreaaion ooncemmglheDeilyappearslobettiKt 
which (he mind receives from all objects of contemplation 
and all modes ofadvaneetowardsBTith. Tolhis conception 
il leaps with alacrity and joy, and in this it acquiesces wiih 
tranquil satisfaction and growmg confidence; while orjy 
other view of the nature of the divine power which ibrnied 
and sustained the world, is incoherent and untenable, exposed 
to insurmotinlBble objections and inlolerabla ineonefuiiies. 
We shall endsavour to show that the modes of employment 
of the thoughts to which the well conducted study of nature 

Sves rise, do tend, in all their forms, to produce or slrengllicn 
is impression on the mind i and that such an impression, 

comprehensive aspects of nature and of philosophy, which 
our Natural philosophy opens to us. This will bs the 
purpose of the latter part of the prosonlboote. Jn the first 
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pItUM W8 ehal! prooaed will 
the oonnexioii which may b 
denoea of crealive power aiic 



The Creator of the Phjskal Wurld 
the Moral World. 



. of the tnc 

[lot he directly ojid olosely c 



the sB,iiii 

iinivarse, but to one God;— U malte it appear that the Crea- 
tor and Preserver of the worid is also tlie (Governor and 
Jud^ of men ; — that the Autliar of the Lawa of Nature is 
aleo the Author of the Laurof Dutjri— that Hs who regu- 
lates corporeal thinga by properiiea of attraction and affinity 
and assimilating power, is the same Bein^ who regulates 
the acliona ana conditions of man, by the influence of the 
foaling of reaponaibility, the perception ot right and wrong, 
the hope of happinesa, the love of good. 
The conviotion that the Divine attributes which we are 
ht by the study of the malarial world and Aosa which 



taught by t: 
\Pi'e learn fr 



iminatioT] 
a?ent, belong in the aame Divine Beingi will be forced upon 
us, if vre eoneider the manner in which all the parta of ihe 
unii^erse, tile corporeal and intellectual, the animal and mo- 
ral, are connected with each other. In each of these 
provinces of creation we trace refined adaptations and ar- 
langamenls which lead us to the Creator and Director of so 

th^ difliirent tra,ins of contrivance so interwoven, thai TS 

cannot, in our thoughts separatethe author of one part from 

Ihe author of another. The Creator of the Heaven* ind ol 

N 
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tbs Earth, of the inorganic aad of tlie oraamc world, of UU- 
mals and of man, of ihe affections and ihe oonaoience, ap' 
pears inevitalily to be one and the same God. 

We will pursue this reileolion a liliJe more iriw detail. 

1. The Atmosphere is a mera mass of fluid Hoaiingon 
the surfaoB of the ba!i of the earth i it is one of the inert and 
inoi^anie portions of the univetse, and must be conceived U> 
have been formed by the same Power which formed the so- 
lid mass of the earth and all other pans of the solar system. 
But how far is the atmosphere from beir^ inert in its erteelB 
on organic beings, and unconnected with the world of lifel 
By what wonderful adaptBtiona of its mechanical and che- 
mical properties, and ol the vital powers of plants, to each 
other, are the developement and well-beinK of planU and 
animals secured! The creator of the atmoapliere must 
have been also the creator of plants and animals : we can- 
not for an instant believe the contrary. But the atmosphere 
is not onl^ subservient to the life of animals, and of man 
among the rest ; it is also the vehicle of voice ; it answers 
the purpose of intercourse ; and, in the case ot man, of ra- 
tional intercourse. We have seen how remarkably the air 
is fitted for this office; tha construction ot the organsof ar- 
ticulation, by which they are enabled lo perform their part 
of the work, Is, as is well known, a most exquisite ayatem 
of contriTances. But though livingin an atmosphere capa- 
ble of transmitting articulate sound, and though provided 
with organs fitted ' ' " " "'"" "" 



1 combinations of words, are all 
lecessary to the formation and use of iar^age. Are not 
^hcse parts of the same scheme of which tlie bodily facul- 
ties by which we are able to speak are another part 'I Has 
man his mental powers independently of the creator of his 
bodily frame? To what purpose then, or by what cause 
was the curious and complex machinery of the tongue, the 
glottis, the larynx produced ? These are useful for speech, 
and full of contriirances which suggest such a use as the 
end for which those organs were constructed. But speech 
appears to Imve been no leas contemplated m the iolelJec- 
tual structure of man. The processes of whjsh v/a have 
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dependence cm the use of speech. Thcsa faculties are pre- 
supposed inihe formati'-n of languBge, but they aro develo- 
ped and perfected by the use of laiiguBge. The mind of 

c^the Bnnia artist by whose hands hie bodily frame waa 
feshionedi as hia bodily faoultiea again are evidently con 
Urucled by ttie maker ot' liioso elements on vbich their ac- 
tion depends. The erealor of (he Hlmosphera and of the 
maleiisl univerEe is the creator of the human mind, and ihe 
author of those wonderful (Ktwcrs of thinking, judging, 
inferring, discoveripg, b^/ which we are able to reason con- 
cerning the world in which we arc placed j and which aid 
ns in lifting our thoughts to the source of our being himself. 
2, lAghi, or the means by which I^hl is propagated, is 
another of the inorganic elements which forms a portion of 
the mere material world. The luminilerous ether, if we 
adopt that theory, or the fluid light of the theory of emiesion, 
must indubitably pervade the remotest regions of the uni- 
verse, and must be supposed to exist, as Bo<ni as we oiippose 
the material parts of the universa to be in existence. The 
origin of light then must be at least as fer removed from us 
as the origin of the solar system. Yet how closely con- 
nected are the properties of light with the structure of our 
own bodies I The mechanism of the organs of vision and 

adapted to each other. We must suppose, then, thattlie 
flame power and skill produced one and the other of these 
two sets of contrivances, which so remarkably j!< inla each 
Other. Tbe creator of li^ht is the author of our visual pow- 
ers. But how small a portion does mere visual perception 
constitute of the advantagea which wa derive from vision ! 
tVe possess ulterior tacukies and capacitieB by which sight 

of beauty, the love of art, the pleasure arising from the con- 
hardly doubt that these faculties were bestowed on man to 
fartherthebeaiinterests of hia being. The aensa of brauty 
both animates and reflues his domestic tendencies { the love 
of art is a powerful instrument for raising him above the 
cravings and satisfacUous of his animal nature ,' the 
■ion of mind which rises in us itt Ihe sight of tbe stony 
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■k;, tn6 eloud-CBpt mountsin, the ^ouniileBi 



iownded to direct our ihoitghta by an impresBiue ihough 
indefinite feeling, to the Infinite Anlhur of All. But if these 
faculties be thus part of the scheme of man's inner being, 

aiia creator wae any other than the creator elso o[ those 
visual organs, without which the facutiies could have no 
operalion and no existence 7 As dearly as light and the eye 

Saoiiies for the most ejialted visual pleasures, and the 
:?lineB Hawing from ihem, proceed from the same Divine 

3. Tlie creator of the earth must be conceived Ic be the au- 
thor also of all those qualities in the soil, chemical and what- 
ever else, by which it supports vegetable life, under all the 
modifications of natural and artificial condition. Among the 

which seem to have an aapeciai reference to man ui a state 
of Boeiety. Such are — the power of the earth to increase 
its produce under the influence of cultivation, and the neces- 
sary existence of property in land, in order that this culti- 
vation may ba advantageously applied ; the rise under such 
circumstances, of a surplus produce, of a quantity of sub- 
sistence exceeding the wants of ths cultivators alone; and 
liie consequent possibility of inequalities of rank, and of all 
the arrangetnents of civil society. These are all parte of the 
constitution of the earth. But these wotdd all remain mere 
idle possibililiee, if the nature of man had not a correspond- 
ing direction. Iftnan had not a social and economical ten- 
dency, a disposition to congregate and co-operate, todistti- 
bnte posseseions and offices among the members of the com- 
munity, to make and obey and enforce laws, the earth would 
in vain be ready to respond to the care of the husbandman. 
Must we not then suppose that this attribute of the earth 
was bestowed upon it by Him who gave to man those cor- 
responding attributes, through which the apparent niggard- 
liness of the soil is the sourcs of general comfort and 
security, of polity and law? Must we not suppose that He 
who created the soil also inspired msji with those social de- 
sires and feelings which produce cities and states, laws and 

rently inert mass of the earth is a part of the some scheme 
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4 Again :— fi will hardly be quealioned that Ihs author 
of the material elements is also the Kutlior of tlie structure 
ef animsla, ivliioh is adapted to and prorided for b; the 
eotistitutionofthe elements ■" -'-'• ■" — ""—W" •"■""• "„, 
the author of the bodily si 
the author of theii inatiactt . 
would not answer its purpose. And these instincts ffr 
quently asaume the character of affections in a most r-r 
marliable manner. The lovo of offfprins, of home, of eom- 
paniona, are often displayed by animals, in a way that 
strikes the most indifferent observer; and yet these nffeo- 
tioDB will hardly be denied to be a part of the same scheme 
BS the instincts by whieh the same animals seek food and 
tiiegratifieatioiiB of sense. Who eanduubl ihallhe aniciouB 
anddevoled afieotion of the mother-bird for her young after 
B hatched, is a part of tlie same system of Provi- 



! syste 
pefled 



dence as the instinct by which she is 
her t^gBt and this, of the same by which her eggs are so 
organized that incubalion leads to the birth of the young 
animal T Nor, again, can we imagine tl«u while the struc- 
ture and adeclions of animals belong to one system of 
things, the aAcctions of man, in many respects so similar to 
those of animals, and connected with the bodily frame in a 
manner so cli»ely analogous, can belong to a diSereni 
scheme. Who, UJat reads the touching instances of mater- 
nal aSectioru related so oflen of the women of all nations, 
and of the females of all animals, can doubt that ths prin- 
ciple of action is the same in the two cases, though eulight' 
ened in one of them bjr the rational faculty 1 And who can 

Elace in separate provinces the aupporUng and protecting 
ive of the father and the molherl or consider as enurely 



love of his home, his clan, his tribe, his country, frotn the 
alftction which he bears to his fftciily? The love of off- 
spring, home, friends, in man, is then parr of the same sys- 
tem of contrivances of which bodily organization is another 
part. And thus the author of our corporeal frame is also 
Uie author of our capacity of kindness am 
our lore and of our wish to bs loved, of 
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which bind us to individuals Eo our familiea, and to our 
kind. 

h ia not necessary here to follow out and classify theee 
emotions and affectioKBi otto examine how they are com- 
bined Hnd connected with our other motiveB of action, mu- 
tually gii'ing and receiving elrength and direction. The 
de3ireot«steein,of power, of knowledge, of society, (helovo 
of kindreil, of friende, of our country, are manifeelly among 
the main forces by which man is urged to act and to nh. 
stain. And as these pans of the constitution of man are 
clear)y intencfed, as we conceive, to inipe) him in his ap- 
pointed path) so we conceive that they are no less clearly 
the wm-fc of the saiiie great Artificer who created the heart, 
the eye, the hand, the ton|pie, mid that elemental world in 
which, by means of these insttumBnlB, man pursues the ob- 
jects of his appetites, desires and affections. 

6, But if the Creator of the world be also the author of 
our intellectual powers, of our feeling for the beautiful and 
the sublime, of our social tendencies, and of our nntural de- 
sires and affections, we shall find it impossible not to ascrilie 
also to Bim the higher directive attributes of our nature, 
the conscience and the religious feeling, the reference of our 
actions to the rule of duly and to the will of God. 

It would not suit the plotiof the present treatise to enter 
into any detailed analysis of the ctuinexion of these various 
portions of our tnocal constitulioti. But we may observe 
that the existence and universality of ihe conception of duty 
and tight cannot be doubled, however men may differ as to 
its original or derivative nature. All men are perpetually 
led to form judgments concerning B'-'''"" c^h .™™i™. 



lead 10 action, as rightor wrong j as what they or^At 
jkl not 10 do or feel. There is a faculty which ap- 
proves and disapproves, acquilH or eondemns the workings 



of out olhet faculties. Now, what shall _ ..._ 

judiciary principle, thus introduced among our motives ti 
action'? Shall we conceive that while the other springs o 
action are balanced against each other by our Creator, this 
the most pervading and uiireersal regulator, was no parte 
the original scheme? That— while tfie lo'-e of animal plea 
e, the regard fot friends, the plea 



iwing pleasure, were infused 



10 be carried ot^ 
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And his capacities and powers devel'jped niid Q^ercissd;-^ 
this reverenee for a, moral law, this acknowledgraaui; of tho 
obligation of duly,— a feeJing which is every where fbuni^ 
and which may baoome a powerful, a predominating mo- 
tire to action,— was ^iven for no purpose, uid belong not 
lo Ote design 1 Such an opinion would be miichaa if w« 
should acknowledge the skill and coutrivaoce manifeued 
in the other pans of a ship, but should refuse to recog- 
nira therudderas jfivinganyevideaceotapurpooe. WitK- 

. .1.. ,i.;„i. .lie opinion of right inspires, and 

— ^_..__ !_a:_._j ^^ that which 



idilion in which 



living amid the 

good, the order and virtues and graces of 

(all which bavs their origin in some deg-res in ti 

ingof responsibility) can maintain that all these 

in the formation of mai 

there sliould be obligation inlaw, no laentin sell-refltrainl, no 
beauty in virtue, is equally suited to the powers and the 
nature of man, and was equally contemplated when those 
powers were given hun. 

if this supposition be too extravagant to be admitted, as it 
appears to be, it remains then that man, intended, as we 
have already seen from his structure and properties, to be 
a discoursing, social being, acting under the influence of 
affections, desires, and purpoaea, was also mtended to act 
Under the inSuence of a sense of duty ) and that the ac- 
knowledgment of the obligation of a moral law is as much 
part of his nature, as hunger or thirst, maternal love or 
the desire of power! that, therefore, in conceiving man as 
Uie vrork of a Creator, vra must imagine his powers and 
eharaeler given him with an intention on the Creator's part 

stitution as an active and thinking being: and that this 
directivt and judiciary principle is a part of the work of the 
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d h g m of the world to 

md d al d ocial d s of liifi living 

pi f so e, 7 f ther be observed. 

Hon by which we are prompted or restrained. 

over ail others. " Your obligation lo obey this law is its 
being the law of your nature. That your conscience ap- 
proves of [Utd attests such a, course of action is itself aloni: an 
obligation. Conscience lioes not ordy offer iiaeti to show us 
'•'i way vie should walk in, bi" ■• !■''""•"■ — "-i"- <•= ">.-" 

signed us by the author of oi _ . 

to do (ui action, is of itself a sufficient and ultimate anenci 

to the questions, mfty we should do it ?— how we are oft/^ed 



of duty implies the soutidest re 



son, the strongest obligatii 

We appear then lo be using only language which is well 
capable of being justified, when we s])eaho:thiB irresiaiible 
esteem for what is right, this conviction of a rule of action 
attending beyond the gratification of our irrefleelive im- 

Silses, as »i impress stamped upon the human mind by the 
eity himself ; a trace of His nature ; an indication of His 
wdl ; an announcement of His purpose ; a promise of His 
tavour, and though this faculty may need to be confirmed 
and unfolded, instructed and assisted by other aids, it sttU 
Bcems to contain in itself a sufficient intimation that the high- 
est objects of man's existence are to be attained, by meana of 
a direct and intimate reference of his thoughts and actions 
to the Divine Author of his being. 

Such then is the Deity to which the researches of Na- 
tural Theology point; and so far is the train of reflections in 
which we have engaged, frbm being merely speculalive and 
barren. With the material world we cannot stop. If a su- 
perior Intelligence have ordered and adjusted the succession 
of seasons and the structure of the plants of the field, wb 
must allow fitr more than this at first sight would seuu to 
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wisdom 



We must admit still gieater powers, still higher 

. m far (he creation of the beaata of the forest with their 

filcultieB g and higher wisdom elUl and more tranacendanC 
antibutes, for the creation of man. And when we reach this 
point, we find that it is not knowledge only, not power only, 
not foresight and bene&^nce alone, which we must attribuLs 
to the Maker of the World; but tW, we must consider hhn as 
the AuUior, in us, of a reverence for moral purity and rec- 
titude; and, if the author of Buch emotions in u^ how can 



CHAPTER II. 

On the Vaslness <ifthe Universe. 

I. The aspect of the world, even without am' of the pe- 
culiar lights which science throws upon it, ia fitted to give 
,ip nn irtea of the greatness of the power by which it is di- 
id governed, far exceeding any notions of power and 
"""'"'"' "" ""!iJ by any other contemplatbn. 



eated by an 
linge who i 



OUB conditions requisite tor their life, nutrition, well being, 
tdl fulfilled \ — the way in which these conditions are modi- 
fied, as we pass in thought to other countries, by cli 
temperament, habit; — the yaat amount of the human i 



Jie globe thus made up; — yet a, 
»ne among wmoa ■■ -■ - ■ 
the field, the desi 



wmoal endless irihes of animals;~tha forest, 



,__ le bodily wanla are as eareftillyprovidi 

13 his ;•- the sun, the clouds, the winds, all attending, 
B-ere, on these organized beings ; — a host of beneficent 
jies, unwearied by lime and succesaii 
sorneiof the earth; this spectacle can 



ig ever; 
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templator a lofty and mamificenl Bonoeption of tha Author 
of 80 vast a work, of the Ruler of so wide and rich aa era- 

Sre, of the Provider for no miDy and varied wants, the 
iieotor and AdjiiBtar of such coraples and jarring inieresiB. 

But when we tsilte a more exact view of this apeotaole, 
and aid our vision by the discoveriea which have been made 
of the structure and esteal oE (he liniversa, the impreasion 
is incalculably increased. 

The number and variety of animals, tlie exquisile skill 
displayed in their structure, the comprehenaive and pro- 
found relations by which they are connected, far exceed any 
thing which we could in any degree have imagined. But 
the view of the universe expands also on anotiier side. The 
earth, the globular body thus covered with life, is not tha 
ooty globe in the universe. There are, cirding about ouc 
own sun, aiif others, so far as we can judge, perfectly ana- 
logous in their nature : besides our moon and other bodies 
analogous to it. No one can resist the temptauon to coo- 
jaolure, that these globes, some of Ihem much lar^ than 
our own. Bra not dead and barren; — that they are, like ours, 
occupied with organization, life, intelligence. To ccnjec- 
turoiaallthatwecando, yeteven by the perception of such 
a possibility, our vlswof the kuigdom of nature is enlarged 
and elevated. Tha oulermost of the planetary globes of 
which we have spofcea is so far from the sun, that the cen- 
tral luminEuy must appear to the inhabitants of that planet, 
if any there are, no larger than Venus does to us ; iid the 
lengtli of their year will be eighty-two of ours. 

But astronomy carries us still onwards. It teaches ua 
that, with the exception of the planets already mentioned, 
the stars which we see have no immediate relation to our 
system. The obvious supposition that they are of the na- 
ture and order of our sun: the minutenessof their apparent 
magnitude agrees, on this supposition, with tha enormous 
andolmoat inconceivable distance which, from all the mea- 
surements of astronomers, we are led to Bttribut« to them. 
If tlisn these are suns, they may, like our sttn, have planets 
revolving round them; and these may, like our planet, be 
the seats of vegetable and animal and rational life ; — we may 

no one ciui guess how varied : — but however many, how- 
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But the stars which we Bee wilh the naked eye are butn 
very small poftion of those which the telescope unveils to 
us. The most imperiect telescope will discover some that 
are inTisible without itj the very best uiatrument, perhaps 
does not show us the most remote. The numiier which 
crowds some parti of the heavens ie truly marvelloui. Dr. 
Herachel calcuialea that a portion of the milky way, about 
ten degrees loDg and two and a hall' broad, contained two 
hundred and mty-eight thousand. In a sky so occupied, 
the moon would eclipse two thousand of such stars at once. 

We learn too from the telescope that even in this province 
the variety of nature is not exhausted. Not only do the 
stars dilier in colour and appearance, but some of them 
grow periodically fainter and brighter, as if they were dark 
on one side, and revolved on their axes. In other cases two 
stars appear close to each other, and in some of these cases 
it has b^n clearly established, that the two have a motion 
ofrevolution about each other; thus exhibilmg an axrangs- 
ment before imgnessed, and giving rise possibly, to new 
conditions of worlds. In other mslances, again, the tele 
scope shows, not luminous poinlB, but extended masses of 
dilute light, like bright clouds, hence called nebvlie. Some 
have supposed (as we have noticed in the last book) that 
such nebute by further condensation misht become auna; 
but for s—i- ""■"■"- ■— i— ■ 

staraagi „. . , 

aolulely disappearBd, as the celebrated star of 1&T2, m 
constellation Uassiopea. 

If we lake the whole range of created objects in our ov 
system, from the sun down to the smallest animacule, ai 



suppose such a system, or socnethiiig in so 

Sius to it, to be repeated for eachofthe n 
us revealed to us, we have a representation of the a 



gate of systems to the Author of the uni- 
uwn system we have found ouraeives led ,i 
thus an eitimate of the extent to which hjs c 
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172 RKUCIOOE VIEWS. 

would thus appear to Lave lieen exercited in tlia tnaterial 

If we considet f^l^^llev the eadlesa end admiraljle coiilciT* 
(inces and adaiplH.tioiiB wtiich philosaphere and obeerverH 
have discovered in every portion of our own system, 
every new step of our knowledge Bhowing us something 
new in this respect) itnd if we combine this conside- 
ration with tVie thougtit how small a portion of the uniTersa 
□ur knowledge includes, we atisJI, without beitig able at all 
to discern the extentof the skill and wisdom thus displayed, 
sen aomelhioK of the character of the design, and of the co' 
piousnees and ampleness of the means which the scheme 
of the world eihibils. And when we see that the tendency 
of all the arran^ments which we caii comprehend is to 
support the eiisience, (o develope the faculties, to promote 
the well being of Uiese countless species of creatures; we 
shall have some impression of the beiMticence Euid love of 
the Creator, as manifested in the physical goveriunent of 



ST 



ber of steps from targe to smaller, or from small to Targerj 
which the consideration of it oSers. The following com- 
parative represenlaiions may serve to give the reader la 
whom the subject is new some idea of these steps. 

If we suppose the earth to be represented by a globe a foot 
in diameter, the distance of the sun from the earth will be 
about two milesj ttie diameter of the sun, on the same 
Bupposition, will be something above one hundred feel, and 
consequently hia bulk such as might be made up of two he- 
misphares, e«ch about the siie of the dome of fSt. Paul's. 
The moon will be thirty feet from u% and her diameter 
three mehesi about that of a cricket ball. Thin the sun 
would much more than occupy all the space mlh'ai the 
moon's orbit. On the same ecele Jupiter would be above 
ten miles from the aun, and TJranus forty We see then how 
thinly scslieved through apace are the heftTnnly boilies. 
The fixed stars would ba at an unknown distance, but, pro- 
bably, if all distances were thus diminished, no etar would 
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equn.II; t\ 



be neam to such a one-foot eEirth, Ihan the moan now is 
toua. 

Dn such a tercestri.il ^Jobe the h^hcst mountaina would 
be about an eightieth ol an inch h'.gh, and consequently 
only just distinguishable. We may imagine therefore how 
imperceptible would be the lai^geEt animals. The whole 
organiied covering of such b. globe would be i|Uil*> undisco- 
TOrftble by the eye, except pethane by colour, like Che bloom 
on a plum. 

In order to restore thia earth and its inhabitants to their 
true dimensions, we must magnify them forty millione of 

y the distances of the suu and oF the stars from us. 
leem thus to pass off into infinity ; yet each of them 
tiiuB removed, has its system of mechanical and perhaps of 
organic processes going on upon its surface. 

But the arrangements of organic life which we can see 
with the naked eye are few, compared with those which the 
microscope detects. We know that we may magnify ob- 
jects thousands of times, and still discover fresh compleni- 
ties of structure : if we suppose, therefore, that we increase 
every particle of mnlter in our universe in such a propor- 
^on, in lei^h, breadth, and thickness, we may conceive 
that we tend thus to bring betbm our apprehension a true 
estimate of the quantity of organized adaptations which are 
ready to testify the extent of the Creator'B power. 

3. The other numerical quantities which we have to con- 
siiler in the phenomena of the universe are on as gigantic a 
seals as the dielanees and sizes. By the rotation of tlie 
earth on its axis, the parts of the equator moTO at the rale 
irfa thousand miles an hour, and the porlioosof the earth's 
surface which are in our latitude, at about aii hundred. 
The former veloci'y is nearly that with which aoannon ball 
is discharged from t)ie mouth of a gun -, but, large aa it is, 
It is inconsiderabte compared with the velocity of the earth 
in its orbit about the aun. This latter velocity is siity-five 
Umes the fijrmer. B^ the rotatory motion of the earth, a point 
of its surface is carried sometimes forwards and sometimes 
backwards with regard to tlie annual progression ; but in 
eonsequenbeof the great predominance of the latter velocity 
m amount, the former scarcely affects it either way. And 
«iren the latter velocity is inconsiderable compared with that 
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to ihe theory w 



irotc^le, tha motion of light is not a transfer of matter but 
if mnticm from one part m annce lo snother. 

nt of the soale oi density of (tifibrent stibstances 



has already been mentioned ; gold IB 
aE weterg air is eight hundred and thirty tiiijea lielitcr, 
Bleam eight thousand times lighter than water ; the lumi- 
niferous ether ia innomparabiy rarer ihan ateam : and this 
is true of the matter of fight, wliether we adopt the unduJa- 
toiT theory or any other. 

i. The ^ova atalemenls are vast in anvouHl, and almost 
oppreesivo lo our feculiies. They lieloiig lo the mwieure- 
menl of the powers which are enerted in the universe, and 
of the Gpacea through which their ethoacy reaches (for the 
moat distant bodies are probably 'connected botli by gravity 
and light.) But these estunates cannot be said so much lo 
give UB any notion of the powers of the Deity, as lo cor- 
rect the errors we should fall into by supposing his powers 
at all to resemble oura : — by auppoeing that numbera, and 
apaoea, and forces, and combinations, which would over- 
whelm us, are any obstacle to tha an 
plan requn-es. We can esaily unden 
genee surpassing ours in degrea on ^. 
which is uuposaible to ua. Tha child who a 



gence surpassing ours in degrea only, I 

which is {mposaible to ua, Tha child w 

beyond &iur, the eavage who has no name for any number 
atiovo five, caunot comprahend the possibility or dealing 
with thouaands and millions ; yet a little additional deve- 
lopenient of the intellect malccs such numbers manageable 
and conceivable. The dillicully which appears lo reside in 
numbers a.nd magnitudes and atages of subordination, is 
one produced by judging from ourselvas — by measuring 
with our own sounding line j when that reaches no bottom, 
Ihe ocean appears unlathomable. Yet in fact, how is a 
hundred millions of miles a greai distance 1 how is a hun- 
dred millions of times a great ratio ? Not in itself; this 
Seoinegj is no quality of ihe numbers which can be proved 
e their mathematical properties ; on the contrary, all that 
absolutely belongs to number, space, and ratio, musi, we 
know demonatrably, be equally true of the largest and the 
BlMllest. It ia clear that the grealjiess of Ihasa expressions 
mcBBura haa reference to our faoultiea only. ' Our asto- 
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nisliment and embnrrassment take for granted the limits of 
our own nature. We have a tendency to treat a difference 
of degree iiiid of addition, as if it were a difference of kifd 
and of transforniaiion. The existence of the attributea, de- 
sign, power, ROodnesa, is a matter depending on obvious 
grounds ; about these quelilies there can be no mistake : if 
we can know any thing, we can know these attributes when 
we see them. But the e^ent, the limits of such attributes 
must be determined by their effects ; our knowledge of thei/ 
limits by what we see of the efiects. Nor is any extent 
any amount of power and goodness improbable beforehand! 
we know that these must be great, we cannot tell how great. 
We should not expect be^rehand to tind them bounded ; 
and therefore when the boundless prospect opens before ua, 
we may be bewildered, but we have no reason to be shaken 
in our conviction of the reality of the cause from which their 
effects proceed; we may fee.ourseivea incapable of follow- 
ing the train of thought, and may stop, but we have no ra- 
tional motive for quilting the point which we have thus 
attained in tracing the Divine Perfections. 

On the contrary, those magnitudes and proportions which 
leave our powers of conception for behind ; — that ever«x- 
panding view which is brought before us, of the scale and 
mechaniem, the riches and magniUcence, the poaiitation 
and activity of the universe ; — may reasonably se 



I enlarge and elevate our conceptions of the 
isterofalli tofe-^- ' -"--■- 



Maker and Master of all ■, to feed an ever-growing admi 
tion of His wonderful nattire; and to excite a desire to u^ 

quotely the scheme of his goveniment and the operation of 
his power. 



CHAPTER IIL 



f the starry heavens, without lakmg 
v of them to which science introduces 
3 force upon man iho impression of 
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his own Insignificance. Tlie voiilt of the sky arched at a 

patently infinile in number, eaoli keeping iLS appointed 
place and course, and Eeeming; lo belong lo a wide syaiem 
of IhingB which has no relation to the earih j while man is 
but one among many millions of Ihe earth's inhabitants -, — alt 
this malies till conlempJalive apectaior fef 1 how eioeedingly 
small a portion of the universe lie is; how little he must bo, 
inthe eyes ofaii intelligence which can embrace the whole. 
Every psrBon, in every age and country, will recognize aa 
irresistibly natural the train of thouglit expreeeed by tha 
Hebrew psalmist : " when I consider the heavens Iha work 
of thy hands — the moon and the stars which thou hast or^ 
daiiied— Lord what is man that thou an mindful of him, or 
the son of man that thou regardest him 7" 

If this be Ihe feeling of the untaught person: when he 
contemplates the aspect of the sties, such as they offer them- 
sslvea to a casual and unassisted glance, Iho impression 
roust needs be incalculably augmented, when wa look at 
the universe with the aid of astronomical discovery and theo- 
ry. We then find, ^al a tew of the shining poinla which 
we see scattered on the face of the sky in such profusion, ap- 
paac to be of Ihe same nature as the earth, and may perhaps, 
' "" would suggest, be lite the earth, the habitations 

d beingaj — that the rest of " ihs host of heaven" 

iTjy a like aiSilogy, be conjectured to be the centres of 
~r systems of revolving worlds t— chat the vision of 
man nas gone travelling onwards, to an extent never anti' 
cipated, through this multitude of systems, and that while 
myriads of new centres start up at every advance, ha ap 

Stars as yet not to have received any intimation of a limit, 
very person probably feels, at tirst, lost, confounded, over- 
whelmed, with the vastnesB of this spectacle ; and seams to 
himself, Bs it were, annihilated by the magnitude and nml- 
liludaoftiie objects which thus compose tfe universe. The 
distance between him and Ihe Creator of Ihe world appears 
to be increased beyond measure by this disclosure. It 
seems as if a single individual could have no chance and 
no claim for the regard of the Ruler of the whole. 
The mode in which the belief of God's sovernmenl of Ihe 

Csical world is important and interesting (o man, is, as 
already been said, through the connexion which thia 



naAy t 
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er government beinp;, from ila nature, 

_. _ r-. jnal relation to each individual, his 

actions and thoughla. It >vill, Hierefore, illuelrate our sub- 
lect to show that this impreasion of the difficulty of a per- 
sonal aupurinlendance and (fovernmenl, eierciaed by Ihe 
Maker of tlic world over each of his rational and free crea- 
tures, is founded upon illusory tiewa; and that on an at- 
lenlive and philosophical examinalion of the subjecl, such a 
government is in accordance with all that we can discover 
of the scheme and the scale of the iiniverae. 

1. We may, in tiiefirflt place, repeat the observations made 
in the last chapter, on the confusion that Bonielimes ariaea 
in our minds, and makes us consider the number of the ob- 
jects of the Divine care as adillicult} in the way of its ex- 
ercise. If we can conceive this care employed on a million 
of persons, on the population of a kingdom, of a city, of a 
street, there is no real difficulty in supposing it extended to 
every planet in the solar ayslem, admitting each to be peo- 

ing each star the' centra of such a system. JVianberi are 
nothing in themselves: and when iic rgectthe known, but 
unessential limits of our own faculties, it is quite as allowa- 
ble to suppose a million millions of earths, as one, to be un- 
it of God. 



S. In the nest place we mav remark, not only that no rea- 
son can be assigned »hy the Divine care should not eitend 
to a much greater number of individuals tl 



igine, but that in fact we knonr that it does so extend. 

It has been well observed, that about the same time when 
the invention of the telescope showed us that there might be 
myriads of other worlds claiming the Creator's care; the 
invention of the microscope proved to us that there werfi 
in oui own worH myriads of creatures, before unknown, 
which Uiis care was preserving.- While one discovery aeem- 
edto remove the Divine Providence furUier from us, Ihe 

etitrikiag examplt 

1.1 1 — J At — — , J^g^^ suppuseu } w 

~ in (lie bud, in solif 
.suspected; the si 
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jfROtten by Providence. Their Blructurt, their vi 
imbs, theii* adaptstion to their s^uotion^ Iheir ioa 
bilations, were regulated in as hieautiful and complete a i 

0117 Sniped, ollen 
^ . beasts or the birds 
St plumage. And when we seem logo out of the 
MuiuDiii III' ihe complex animai etructure with which we ere 
famiJtar, and come lo animals offipparenily more scanty 
faculties, and less developed powers oienioymeniandacTion, 
•we still find that [heir facuhiesandlheirEeneesare inejiact 
harmony with their situation and clrcumstHUces j that ihs 
wants which :hej have are provided for, and tiie powers 
which they possess called into activity. So that MAIIer, 
the palieni and accurate observer of the smallest and moat 
obscure microscopical aniniBlcula, declares that all classes 
alike, those which have manileet organs, and those vihich 
' -"'- .El quantity of new and striking views of 



le Divine Providence is, in fact, capable c 
e:itenamg itseii adequately to an immense succesaion 01 
tribes of beings, sutpassine what we can imegme or could 
previously have anttcipated; and thus we may feel secure, 
so far as analogy can secure us, that the mere multitude of 
.-J _i.^... . — „p5g „g fi^fu the government end 



3. We may observe further, that, vast eb 






proportions ofihe universe, we still appear to - , - 

ceive that it is finUe ; the subordinBtion of magniiudes auu 
numbers and classes appears, to have its limits. Thus, for 
any thing which we can discover, tJie sun is the largest 
iiody in ine universe j and at any rate, bodies of the order 
of the sun are the largest of which we have anv evi- 
dence : we know of no subslacce denser than gold, and 

»hDuldeverbe detected; the largest anbnals which exist in 
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Wt may venture also to eaj, thai Ihc snrnlleBl animais 

haTe bean already seen. Many of ihe animaie which the 
microaoope detecia, are aa cQinpleleandconipIeit imheiror- 
ganizatianaaclioseof largersize: but beyond a certain point, 
ihey appear, as Ihe^ become more minute, to ba reduced la 
B, homogenitr and eimcljciiy of compoaition which almost 
exotudea them from the domam of animal life. The emall- 



ganic, are ppinte,* or gelatinous glabuleSit or thread^T in 
which no disuncl organa, interior or exterior, can ba disco- 

an indefinite progression of animal life in a descending ECaS 
□f minutsneae. Weca,n, mathemeticall]' a peaking, conceive 
one of ihese animals ae perfect and complicated in its alruc- 
ture as an elephant or an eagle, but we do not find it bo in 
nature. It appears, on the contrary) in theae objeeta, as if 
we were, al a certain point of ma^iiurie, reaching the 
bo'indaries of the animal world. We need not here consi- 
der the hypotheaea and opinionj 
objects have given rise ■, but, w 
to show that the eubordination of organic life is 
eide of the little as well aeof the greaL 

Some persons tnight, perhaps, imagine that a gronnd for 
believing the smallneBB of organized beings to be limited, 
might be found in what we know of the conauiution of mat- 
ter. If solids and fluida consist of particles of a delinite, 
though exceeding smallness, which cannot further be di- 
vided or diminished, it ia manifest that we have, in the 
"' la of theae particlefl, a limit to the possible a' 

■"-' ■"- "f animala. The fluids w*--' 

irculaie in the body of e 
St number of pacticleB, oi 
.n animal might be so much smaller 
lubes could not contain a auSicient col- 
:o carry on its functions. 
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compoBed of such indirisible ocoina. We EhEill not, hmr 
ever, build any thing on ihia argument; because, though 
the atttmic theory is eometimes saiil to be proved, whet is 
ptOTed ie, that etiernical and other effects lake pltiee aa il 
they were the aggregate of the ettects of certain paniciee of 
elemenlB, the projwriiotis of which jiartioles are fixed and 
definite; but thai any limit con be assigned to the Bmallneas 
of these particles, has never yet been made out. We prefer, 
therefore, to rest the proof of the finite extent of animal JJi, 
aa to size, on the microscopical observationB previously re- 

Probably wa cannot yet ba said to have reached the limit 
of the universe with the power of our telescopes ; that is, ii 
does not appear that telescopes have yet been used, bo pow- 
erful in exhibiting small alais, thai we can assume that 
more pwerfnl instruments would not discover new stars. 
Whether or no, however, this degree of perfection htis been 
reached, we live no proof that il ■' — — ■ — •~'- '" '' 



tbn, the limit of the u 



,TO, with some appro: 



umu Ol uie uiiiveise aa lu lub nuiimti ui wuiiub, 

.._ re already endeavoured to show ws have obtained 

the limilswith regard to the largeness and smellness of the 
inhabitants of our own world. 

In like manner, although the discovery of new species 
in some of the kingdoms of nature has gone on recently 
with enormous rapidity, and to an immense extent ; —for in- 
stance in bolany, where the species known in the time of 
Linnsus were about ten thousand, and are now probably 
fifty thousand ;— there can be no doubt that the number of 
species and genera is really limited ; and though a great 
extension of our knowlet^c is required 10 reaeh these limits, 
it is our ignorance merely, and not tiieir non-existence, 

in the same way it would appear that the universe, so 
feras il is an object of our knowledge, is finite in other re- 
spects also. Now when we have once attauied this con- 
viction, ail the oppressive apprehension of being overlooked 
in the government of the universe has no longer any rational 
source. For in the superintendence of a finite system of 
thin^o, what is there which can appear difficult or over- 
whelming to ft Being such as we must, from what we know, 
conceive the Creator to be ^ Difficulties arising from spac*, 
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MAs'B tlACB IS THB IJH:VEBI!E. 



number) gradation, ate eiioh as we can coiieeiva ourtelvet 

apable of overcoming, merely by an estennion of out pre- 

' ' ■ ■ ■ - ■'- ■ ■■ ■ ihdiP. 



oukies musl vanish before Him who made us and outtaoul- 
liec ? Let it be consideted liow enotmous a proportion the 
largest work of man bears to the snialleM! — the g-teat py- 
ramid to the point of a needle. Thia oouipariBoii does not 
overwhelm ub, bEcauee We know that man ti^s made both. 
Vet the difference bft*een this proportion and that of the 
sun to the claw of a mile, does not at all correEpond la the 
difference which we must suppose to obtain between the 
Creator and the creature. It appears then that, if the first 

ua, does sometimeB dazzle and bewilder riien,a moreatlen- 
tive eiaminalion of the prospect, by the light we thua ob- 

the objects of Divine Providence, how absurd the pernua- 
eian that we have discovered the universe to be too large 

4. Anolher ground of satia&clory reflection, having the 
same tendency, is to be found in tha admirable order and 
consiBtency, the subordination and propnrtion ot pans, 
Which we find to prevail in the universe, as far as our dis- 
coveries reach. We have, it may be, a multitude almost 

ion, of interference. All such defects are avoidMl by 
,nner in which these worlds are distributed into sys- 
tema i — these systems, occupying avast space, but yet dis- 
posed at distances before which their own dimensions shrink 
into insignificanee;— ail governed by one law, yet this law 
so concentrating its operation on each system, that each 
proceeds as if there were no other, and so regulating its own 
efteclB that perpetual change produces permanent uniformi- 
ty. This is the bind of harmonious relation which we per- 
ceive in that pan of thS universe, the mechanical pan name- 
ly, the laws of which are best known to ub. In other pro- 
vinces, where our knowledge is roore imperfect, we can see 
Elimpses of a similar vastness of combination, producing, 
y its very nature, compleienees of detail. Any analogy by 

beotai-ery wideand indefinite kind; yet tJie con tetn pis lion 
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■icnl creation, anii the perfectworking of their laws 

feclion in the acvangemenls by which our moral i' 
are dirscted, our h^et powers and hopes uiitoliie 
may readily believe that thers is, in '.his part of the i 
also, an order, a subordinalinn of eome relations to 
which may remove all difficulty ar' ■ 



iieents and actions, and make it posi 
-ndenceof the moral world ahall be dh 
.tendency to moral good, aa that by wl 



that the Buperi 

thegovernmenlof the physio 

We may perhaps see glimpses of such an order, in the 
arrangamenlB by which our highest and most important du- 
tiee depend upon our relation to a small circle of persona 
immediately around us i and again, in the manner in which 
our acting well or ill results from the operation of a few 
prmciples within us; aa our conscience, our desire of moral 
excellence, and of the favour of God. We can hardly con 
aider aueh principles otherwise than as intended to oceujiy 
their proper place in the system by which man's destination 
is to be determined ; and thus, aa among the means of the 
governoient aad auparintendence of Qod m the moral 

That there must be an order and a system to which such 
regulative principles belong, the whole analogy of creation 
compels us to believe. It would be strani^ indeed, il, while 
the mechanical world, the system of inert matter, ia so ar- 
ranged that we cannot contemplate its order without an els- 
vMed inlBllectual pleasure;— while organized life has no 
faculties without their proper scope, no tendencies without 
their appointed i^jact; — the rational faculties and moral 
tendencies of man should belong to no systematic order, 
should operate with no corresponding purpose : that, while 
he perception of sweet and bitter has its acknowledged and 
unmistakeable uses, the universal perception of right ai'd 
wrong, the unconquerable belief of the merit of certain feel- 
inga and actions, the craving alike after moral advance- 
ment and after the meana of atlainmg il, should eiist only 
[0 delude, perplex, and disappoint man. No one, with Ins 
cantemplations cajmed and tilled and harmonized by the 
view of lh8 known ;— .;— -r- .<.. ...: : 
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ehinery " wheeling unBhaken" in the fattheBt akiea and in 
the darkeal cavern, its viloi spirit hteathhig alike eftecl- 
ively ill the veins of the philoaopisei aoil the worm; — no 
one, under the influence of such a train of contemplationB, 
can possibly admit into his mind a jiersuaeion which malies 
^e moral part of our nature a collection of inconsistent and 
futile impreaeions, of idle dreams and warring opinions, each 
having the same claims to our acceptance. Wide as ie the 
dietance between the material aod the moral vorld; sha- 
dowy as all reasonings necessarily are which attempt la 
carry the inferences of one ixM the other i elevated above 
the region of matter bb all the prmciplee and grounds of 
truth must be, which belong to our reaponwbiiities and 
hopes ; still the astronomical and natural philoeopher cEm 
hardly fail lo draw from their studies an imperturbable con- 
viction that our moral nature cannot correspond to those 
represenlalione according to which it hae no law, coherency, 
or obieot. The mere natural reatoner may, or must stop 
far short of all that it is his h^hest interest (o know, his 
first duty to pursue ; but even he, if he take any elevated 
and comprehensive views of his own subject, must escape 
from the opinions, as unphiloeophlcal as they are comfort- 
less, which would expel from our vi— ■' ■■■- '-" -" - 

ierencs to duly and moral good, ali 

universal grounds of trust and hope. 

Men's belief of their duty, and of the reasons for practising 
it, connected as it is with the conviction of a personal rela- 
tion to their Maker, and of His power of superintendence 
uid rewani, is as manifest a fact in the moral, as any that 
can be poinled out ia in the natural world. By mere analogy 
which has been intunated, therefore, we cannot but conceive 
' u this faol belongs in some manner or other to the order 

il governor of the 



, :at the voice 

ice, the peace of heart which results from a course 
;ue, a-.id the consolations of devotion, are ever ready to 
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and wiB. no longer be oppresMi! or disturbed by the ttpprc- 
hension thai the superintendence of the world may Ic loo 
difficult for iia Ruler, and thut any of His subjecis and serv- 
ants may be overlooked. He will no more fear that the 
moral than that the physical laws of Qod'a creation eliould 
De forRotlen in any jiarticulM case i and as he knows that 
every sparrow which falls to the ground conlaine in its 
structure innumerable markB of the Divine care and kind- 
neea, he will be persuaded that every indiTidual, however 
apparently humble and ineignificani, will have his moral 
beinj? detSt with according to the laws of Cfod's wisdom 
and love; will be enlightened, and supported, and raised, if 
he nee ifie appointed means which Ood's administration of 
the world of^moral light and giKid ofiers to his use. 



CHAPTER IV. 

CoTitemplatiBn of 



in the Centiction thall.aii!'. 



The various trains of thought and reasoning which lead 
men from a consideration of the natural world to the con- 
viction of the existence, the power, the providence of God, 
do not require, for the most jarl, any long or laboured de- 
duction. (0 give them their effect on the mmd. On the con- 
trary, they nave, in every age and country, produced their 
impression on multitudes who have not instituted any fomiM 
reasonings upon the subject, and probably upon many who 
have not put their concluaions in the shape of any express 
propositions. The persuasion oT a superior intelligence and 



defy diffiiBf " " 



eeply 
to have made it a question among speculative 
men wneiner the notion of such a power ia iioi univeraal 
and innate. It is our business to show only bow plainly 
and how universally such a belief results from iJie atudy of 
Th^ appearances about uii. That in many nations, inmany 
periooB, this persuasion tts& been mixed up with much that 
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Wm eiTOnaoua and perverse in the cpinions of the intelJeet 
or the iicllons el' ikncVi does uM weaken the force of such 
consent. The belief of u supernatural and presiding power 
runs llitough all these errors ; and while Ihe petyereions ara 
niEinifestly the work of caprice and illuaion, and vanish at 
the first ray of sober inquiry, the belief itself is substantial 
and oonBiatenI, and grows in strength upon every new exa- 
mmation. Itwas the fLrmnesBandsoliifitjofllie conviction 
of somcttiTiy Divine which gave a hold and permanence to 
the ligmente of bo many false divinities. And those who 
have tr£u:ed the progreaa of human thought on other sub- 
jacra, wdl not think it strange, that while the fundamental 
persuasion of a Iieity waa thus irremoveably sealed in ^e 
human mind, thedevelopemeni of tliis conception into a fon- 
sisleni, pure, and steadfast belief in one Almighty and Holy 
Father and God, should be long misaed, or never attained 
by tho strnggle of the human faculties ; should require long 
reflection to mature it, and the aid of revelation to establish 

The view of the universe which we have principally had 
occasion to present to the reader, is that in woicb we consi- 
der its appearances aa reducible to certain iised and general 
Iswa. Availing ourselves of some of the lights which mo- 
dern science suppliea, we have endeavoured to show that 
adaptation of auch laws to each other, and their fiineas 
promote the harmoninua and beneficial course of ths 
rid, may lie traced, wherever we can discover the laws 
mselveai and that the concept bna of the Divine Power, 
UoodnesB and Superintendence which we thus form, agree 
remarltahle mannermiththsviewaof the Supreme Be- 
mg, to which reason, enlightened by the divine revelation, 

Bui we conceive that the general impreaaions of mankind 
would go further than a mere asaent to the argument aa 
wa have thus stated it. To most persona it appears that 
the mere existence of a law connecting and governing 
any class of phenomena, implies a presiding inteJIigence 
which has preconceived and established the law. When 
events are regulated tiy precise rules of time and space, 

evideoce of thought and mind, even witiiout discovering in 
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Ihe rules any psculiat adaptalii^na, or wilbout supposing 
their purpose to be known. 

The origin and the validity of such an impreBBion on the 
human mind may appear to some matters of abBtruae and 
doubtful Bpeoulation ; yet the tendency to such n, Irelief pre- 
vnils strongly and widely, both among the common class of 
minds whose thoughts ere casually and unBjBtcmaticBlly 
turned to such subjects, and among philosophers lo whom 
lawE of nature are habitual subjeela of contemplation. We 
conceive therefore that such a tendency may deserve to ba 

this point may be of service in throvrine light upon the true 
relation of the study of nature lo the belief in God. 

1. A very slight attention shows us how readily order and 
regularity suggest to a common apprehension the opera- 
lion of a calm and untroubled intelligence presidrng over 
the coo rse of events. Thus the materialist poet, in account- 
ing for the belief in the Gods, though he does not shore it, 
cannot deny Ihe habitual efl'ecl of iKia manifestation. 



They saw the ski 
The varied aeesor 

"irg . ^ ^ , „ 

itage of the latours of learned men, exemplify this 
in ine case of the oriental nations, of Greece, and of many 
other countries. Nor does there appear much difficulty in 
pointing out the error of those who have ma'intained that 
ell religion had its origin in the worship of the stars and 
the elements; and who have insinuated that all such im- 
preseions are unfounded, inasmuch as these are certainly 
cocifht objects of human worship. The religious feeling. 
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aiipernitutal power, of s 
Liid directing tlie phenomena of l 
am lutuii^inin the norship of sun, or stars, 
but was iisalf the necessary though unexpi-eaa 
of all Vforehip, and all forms of talae, as wol 
gion. The eonlem]ilauoa of the earth and h 
into action lliia religious tendency in man; a' 
the worship of the material world formed ot t 
reiigioiiB (eelina, is to invert U\e order of possib 
the moat unnhilosophical manner. Idolatry is noi uiesoui 
of the belief in Qod, but is a compound of the persuasion 
a supernatural govaminent, with certain extravagant a 
baselees conceptions as to the manner in which this goie 



belief is derifed from the worship of the elements. 

" Light, and darkness its perpetual conlrasti the Buccea- 
sion of days and nifiita, the periodical order of the saaaonsj 
the career of the brilliant tumin:ir; which regulates their 
course-, that of the moon his sister and rivaii night, and 
the innumerable fires which she lights in the blue rault of 
heaven ; the reiiolution of the stars, which exhibit them tor 
0, longer era shorter period above our horizon; the constancy 
of this period in the tised stars, its variety in the wandering 
stars, the planets ; their direct and retrograde course, their 
momentary rest; the phases of the moon waxing, full, waa- 
ins;, divested of alllight ; the progre'saivemntionof the sun 
upwards, downwards', the successive order of the rising 
and Batting of the fixed stars, which mark the different points 
of the course of the sun, while the various aspects which ths 
earth itself assumes mark, here below also, the same peri- 
ode of the sun's annual motion; ' • • all thase different 
T man, formed the gr 
. _.._h I Buppcee him a... 
rounoer] at me mument wnen he is about to create h(s 

What ia this (divested of its wanton levity of expression) 
but to say, that when man has so far traced the course of 



' Unpuis. Origine das Unite*. 
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order, law, variety in coastancy, and fixity in change j of 

and coneequence, among the objecss which Butround himj 
there springs up in his breaai, unbidden and irteaislibly, 
the thought of Biiperiniending intelligence, of a mind which 
comprehended rrom the first, and completely that which he 
late and partially comes lo know ? The worship of earth and 
sky, of the host of heaven and the influences uf nature, is 
not the ultimate and fundamental fact in the history of the 
religious impressions of maiihind. These are but derivative 
streams, impure and scanty, from the fountain of relij^ious 
feeling which appears to be disclosed to us by the contem- 
plation of the universe, as the Beat of law and the manifest- 
ation of intellect. Time suggests to man the thought of 
eteroityi spaceof infinity ; lawofinlelligence; orderof pur- 
pose ( and however difficult and long a task it may be to 
develope these suggestions into clear convictions, these 
thoughts are the real porentB of our natural religious belief. 
The only rela^on between true religion and the worship ol 
the elemental world is, that the latter is the partialaiid gross 
pervsraion, the former the consistent and puce developeinenc 
of the same original idea. 

2. The connexion of the laws of the material world with 
an intelligence which preconceived and instituted the law, 
which is thus, as we [lereeive, ao generally impreaaed on 
the common apprehension of mankind, has also struck no 
less those who have studied nature with a more systematic 
attention, and with the peculiar views which belong to sci- 
ence. The laws which such persons team and study, seem, 
indeed, most naturallyto lead to the conviction of an intelli- 
gence which originally gave to the law its form. 

What we call a general law is, in truth, a farm of expres 
Bion including a number of facts of like kind. The facts 
are separate ; the unity of view by which we associate them, 
the olffiracter of generality and of law, resides in those re- 
lations which are the object of the inlellecL The law once 
apprehended by us, lakes in our minds the place of the facta 
themselves, and is said to govern or determine thsm, be- 
cause it determines our anticipationa of what they will be. 
Bol we cannot, it would seam, conceive a law, founded on 
auch intelligible relatians, to govern and determine the facts 
thdmBelvfiB, any dthorwiae than by supposing also an inlelli 
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geact by which these lelationa axe coniempiiited, and th 
conaequencea realiied. We oannol then represent to o 
aelvea the universe governed by genetel lawa othetwiee ll 
by conceiving an inlelligent andcOHECioua Deity, bywh 
these lawa were otiginaliy contemplated, eatabliahed, i 



applied. 
Thiai 



perhapa will appear more clear, wlien il is considered 
iiidL iiie lawa of which we apeak are often of an abstruse 
and complex kind, depending upon relations of space, lime, 
number, and olhET properties, which we perceive by great 
attentkin aad thought. Theae relations are often combined 
ao VMiouaty and curiously, that the most subtle reasonings 
and caloulations which we can form are requiaile in order 
to trace their results. Can such lawa be conceived lobe in- 
stituted without any exercise of knowledge and intelligence 1 
Can material objects apply geometry and cukulation to 
theraaelvea? Can the lenses of the eye, for instance, be 
formed and adjusted with en exact suitableness to their ra- 
ftactive powers, while there is in the agency which framed 
them, no consciousness of the laws of fight, of the course of 
rays, of the visible properties of things? This appears to 
le (Jlogelher inconceivable. 

Every particle of matter poasessea an aln:iost endleas 
train of properties, each acting according to its peculiar and 
fixed lawa. For every atom of the same kind of matter 
these lawa are invariably and perpetually the same, while 
for the di<!eret!t kinds of matter the difference of these pro- 
pertisa is equoJly oonalant. This constant and precise re- 
semblance, thiavatialioD equally constant and equally reg;u- 
Ibt, suggest irrasislibly the conception of some cause, inde- 
pendent of the atoms fliemaelvea, by which their similarity 
and dissimilarity, the agreement and difference of their de- 
portment under the same circumstances hava been deter- 
mined. Such a view of the constitution of matter, as is 
observed by an eminent wrker of our own time, effectually 
destroys the idea of ita eternal and self-existent nature, "1^ 
giving to each of its atoms the casentiat characters, at once, 
otamnnu/oofeTerf ariide and a, swboTdinate agent,"* 

That such an imprfsssion, and the conaequeiitbelief in a 

' HerscUel an the Study of Nat. Phil, Art. MS. 
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dained and eslabliahed, does result from the philoiophieal 
contemplation of nalura, will, we irosl, become eiill more 
evident by tracing the effect produced upon men's minds by 
the discovery of Buclilawaand properties bb those of which 
■we have been speaking ; and w« shall iherefors maJie a few 
observations on tbia subject. 



CHAPTER V. 
On ladncHve Hahi 



The object of physical science is to discover such laws 
Bnd propertiee as ihoEa of which we havs spoken in the last 
chapler. In Ibis task, undoubiadly a. progress has been 
mads on which we may wellloolt with pleasure and admi- 
ration ; yet we cannot hesitate to coniees that the eiLtent of 
our knowledge on such subjects bears no proportion to that 
of our ignorance. Of ths great and coniprenenEive laws 
which rule over the widest provinces of natural phenomena, 
few have yet been dieolosea to ua. And the names of the 

Ehilosophers, whose high oHIce it hae been to detect such 
iws, are even jel far from numeroua. In looking back at 
the path by which science has advanced to its present posi- 
tion, we see the names of the great discoverers shine out like 
lumuiariea, few end scattered along the line .- by far the 
largest portion of the space is occujiied by those whose com- 
paratively hu mble office is to verity, to develope, to apply 
.,. 1 . — t-_.i.^.i. .r.. j; L '■ttoligiil. 



Uie geneiai truths which the di 

It will readily be conceived that it ih hu easy inaiier, ii ii 
ht possible, ia analyse the process of thought by which 
laws of nature have thus been discovered i a, process which, 
H9 we have said, has been in so few instances sticcessfully 
performed. We shall not here make any attempt at such an 
analyais. But without this, we conceive it may be shown 
thai the constitution and employment of the mind on which 
such discoveries depend, areftieiidly to that belief in a wise 
and good Creator and Governor of the world, which it has 
besQ our object to illustrate and confirm. And if it should 
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appear that those who see further than their follows into the 
bearings snd dependencies of the material things and eJe- 
menia by which iL.ey ate surrounded, have also been, in 
almoai: every case, earnest and forward in acknowledging 
the relation of all things to a supreme intelligence and wilfj 
we shall l>e fortitied in our persuasion that the true scientifii: 
perception of the general constitution of the universe, and of 
the mode in which events are produced and connected, ia 
fitted to lead us to the conception and belief of God. 

Let ua consider for a tncment what takes place in the 
mind of a stuiient of nature when he attains to the percep- 
tion of a law previously unknown, connecting the apneat- 
ances which he has studied. A mass of facts which before 
and unmcanip^, assume, on a sudden, 
■■■-- and intelligible order. Thus, when 



ton showed how this and ail other known tnalhematical pro- 
pertioa of the solar syatem were included in the law of uni- 
versal gravitation according to the inverse square of the 
distance; particular circumstances which, before, were 
merely matter of independent record, became, from thai time, 
indissolubly conjoni&i by the laws so discovered. The se- 
parate oecurrencea and facts, which might hitherto have 
seemed casual and without reason, were now aeen to he all 
e^cemplifications of the same truth. The change is like that 
which takes place when we attempt to read a sentence writ- 
ten in ditiicult or imperfect characters. For a time the se- 
parate parts appear to be disjointed and arbitrary marks ; 
the suggestions of possible meanings, which succeed each 
other in the mind, fail, as fast as they are tried, in combin- 
ing or accounting for tlieae sy mbols ; but al last the true 
supposition occurs i some words are (bund to coincide with 
the meaning thus assumed ; the whole line of letters appear 
ta lake de&aite shapes and to leap into their proper places; 
and the truth of the happy conjecture seems Co iiasn upon 
us from every part of the inscription. 

The discovery of laws of riature, traly and satisfactorily 
connecting and explaining phenomena, of whicli, before, the 
connerionand causes had been (inknown, displays mnoli of 
a similar process, of obscurity succeeded by evideni*e, of 
tSall and perplexity followed by conviction and repose. 
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wearied peraeverBDce and inexhauatibta ingenuity exerciEea 
by Kepfer in seelting for Ihe laws which ha finally diaoo- 
vered, are, thanks to his communicative disposition, cu- 
riously exhibited in his worke, and have been nurrcUed by 
liis biographers; and such efibrts and alleraatioiis, modified 
bychBractarandcircumatancoB, must generally precede the 
detection of any of ihe wider laws and dependencies by 
which ihe events of tile universe ore regukiUii. We nay 
readily conceive the Eatiafaction and delight with which, 
afler this perplexity and struggle, ihe discoverer finds him- 
self in lighl and tranquillity; able to look at the province of 
nature which has been the subject of his study, end to read 

one before him nad understood or apprehend^. 

Thia step BO much resembles the mode in which one in- 
telligent being underaliuids and apprehends the conceptions 
of another, ifiat we cannot he surprised if those nerBons in 
whose minds such a process baa taken place, Smve been 
most ready to acknowledge the exbtence and operation of a 
superintending intelligence, whose ordimmces it was their 
employment to study. When they had iuat read a sentence 
of the table of the laws of the universe, they could notdoubt 
whether it hod had a legislator. When they had deciphered 
there a comprehensive and substantial truth, they could not 
believe that the letters had been thrown logelher by chance. 
They could not but readily acknowledge that what their 
feoultiea had enabled them lo read, must have been written 
by some higher and profounder mind. And accordingly, 

those lo whom we owe our knowledge of thelaws of nature, 
and especially of the wider and more comprehensive laws, 
that such persons have been strongly and habitually im- 
pressed with the persuasion of a Divine Purpose and Power 
which had regulated the events which they had attended tc^ 
and ordained the lawa which they had detected. 

To those who have pursued science without reaching the 
rank of discoverers-, — who have possessed a derivative 
knowledge of the laws of nature which others had disclosed, 
and have employed themselves in tracing the consequences 
of such laws, and systematizing the body of truth thua pro- 
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duced. the aljove description doeanot apply; and we hsva 

ing the same frame of mind. If among men of science of 
this class, the persuasion of a supreme Intelligence has at 
some periods been tees vivid and less universal, than in that 
higher class of which we ha.Ye before epolten, the fact, so 
far as it has existed, may perhaps be in some degree ac- 
counledfor. But whethet the view which we have to give 
of the mental peculiarities of men whose science is of this 
derivative kind be well fouodeil, and whether the aciounl 
we have above offered of that which takes place m the minds 
of original discoverers of laws in scientific teaearches be 
true, or not, it will probably be considered a matter of some 

rers have teen peculiarly in the habit of considering the 
world as the work of God. This we shall now proceed to do. 
As we have already said, the names of ereai dJBCOverera 
are not very numerous. The sciences which we may look 
upon ES having reached or at least approached their com- 
pleie and finished tbrm, are Mechanics, Hydrostatics, and 
Physical Aalronoray. Galileo isthe father of modem Me- 
chfuiios; Copernicus, Kepler, and Newton are the great 
names which mark the progress of Astronomy. Hydro- 
statics shared in a great measure the fortunes of the rela- 
ted science of Mechanics ; Boyle and Pascal were the per- 
sons mMiily active in developing its more peculiar prmci- 
ples. The other branches of knowledge which belong to 



, , _..., names of equal pre- 

nence witli those above mentioned : but it may not be difficult 
10 show, with sufficient evidence, Ihat the efiect of science 
upon the aulhors of science is, in these suhjecta as in the 
former ones, far other than to alienate their minds from reli- 
gious trains of ihoug^it, andahabit of coneidermg the world 
as the work of God. 

We shall not dwell mach on the first of the above men- 
tioned great nnmes, Gsdileo; for hia scientific merit con- 
siWedrtuher in adopting the sound philosophy of others, as 
in the case of the Coperniean system, and in combalting pr^- 
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Bienl facts, 

than on ohseruatioo of the general course of tbe univerae, 
could not BO clearly suggest any reflectinn on the govern- 
ment of the wotid at that peiioci, aa tbey did afcerwards 
when Newlon snowed their bearing on the coamical sys- 
letn. Yet Galileo, aa a man ofphilosophical and inventivs 
mind, who produced a great fifiect on ilie progress of phv- 
Bical knowledge, ia a person whose opinions must natiually 
interest us, engaged in our present couras of teasoning. 
There ia in hia writings little -which bears upon religious 

him to Buch subjeclB. Yet strong expressions of piety ate 
not wanting, both in his lelters, and in his published treaii- 
aes. The persecution which he underwent, on account of 
his writings in favour of the Gopernican system, was ground- 
ed, not on his opposition to the general truths of natural re- 
ligion, which is our main concern at present, nor even on 
any supposed rejeetion of any articles of Christian faith, 
but on the alleged discrepancy between his adopted astrono- 
mical views and the declarations of sctiplure. Some of hia 



B (.opetmoon sysiem ne nas oc- 
lion which holills all parts of the 

ot so shorten the arm of God in 



pied in theffOTemmenl of human affairs, that they could not 
more aliend to us if Ihey were charged with the care of the 
human race alone." in tlie same apitit, when some objected 
1o the asserted smallness of the Medicean stars, or Eatellites 
of Jupiter, and urged this aa a reason wh^ they were un- 
worthy the r^ard of philosophers, he replied that they aie 
the works of^God's power, the objects of Hia care, and 
therefore may well be considered aa sublime eubjects tor 
man's study. 

concerning the 
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INDUOTITE HA01T8. IDS 

nave often since been adopted by writers on the wiedom of 
Providence. Tbe laai of tiie dialogues on Ihe ejelem of the 
Tvorld ia closed by a religious reflection, put in the moiilh of 
the interioeuior who usually expresseB Galileo's own opi- 
nions. "While it is permitted ua to epeculcte concerning 
the constitution of the world, we are also ta.ught (perhaps 
in order that the activity of the human mind may not pnuse 
or lansuish) that (Hir poweis do not enable us to compre- 
hend tne worhs of Hb hands. May success therefore at- 
tend this intellectual e!:ercisc, thus ncrmiued and appointed 
'■' ■" the greatness of God tlie 



n proportion as we nnJ ouraelves the less able lo pe - 
the prolbtmd abyeses of his wisdom." And Uiat this 

f thought was hahituai to the philosopher we have 

bundant evidence in many otherparts ofhis writings. He 



had already said in the saraedialogue, "ft'ature (orGod, as 

he elsewhere speaks) employa means in an r-" '■' ■' 

inoonceivablo manner; admirable, that is, a: 



iinrtereland is , ... 

The establishment of the Copemioan and Newtonian 
views of the motions of the Bolar system and their BBUses, 
were probably the oceastons on which religious but unphi- 
iQBQphical men enlertamed the strongest ap|>rehensiona that 
Ihebelief inthegovernmentof Godmay be weakened when 
we thus "thrust some mechanic cause imo his place." If 
ia therefore fortunate that we can show, not only that this 
ought not to occur, from tlie reason of the thing, but also 
that in fact the persons who ere the leading ciiaraclers in 
the progress of these opiuiona were men of clear and far- 

In the case of Copernicus himself it does not appear that, 
originally, any apprehensions were entertained of any dan- 
gerous discrepancy between his doctrines and the truths of 
religion, either natural or revealed. The work wliich con- 
tains these memorable discoveries was addressed to Pope 
Paul in., (he head, at that lime, (1543) of the religious world ; 
and was published, astheauthor states intheprefac*. at the 
D^mtcntreal; of friends, one of whom was a cardinal, and 
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another a bishop.' "Iknow," heeaya, " tliBt the thcughls 
of ft philosopher are far removed from the judgment ol" the 

as€ras that is permitted by God to human reaBoii." And 
though the doctrmea are for the most part slalod asportiouB 
of a malhematical calculation, the explanation of the ar- 
rangement by which the sun is placed m the centre of the 
ByElem is eccompanied b^ a natural reflection of a religious 
caet; "Who in thia fair lempla would place this tamp in 
any other or better place than there whence it may illumi- 
nftle the whole 7 We find then under IhiE ordination an ad- 
miratite symmetr; of the world, and a certain harmonious 
connexion ofthe motion and magnitude of the orba, such as 
in Day other way cannot be found. Thus the progressions 
and reeresaiona of the planets all arise from the same cause, 
the motion of the earth. And that no such movements are 
seen in the fixed stare, ai^uea their imniense distance from 
us, which causes the apparent magnitude of the earth^s on- 
Dual course to become evanescent. So great, in short, is 
this divine fabric of the great and good God;"f "this best 
and moat regular artificer of the universe." as he elsewhera 

Kepler was the person, who hy further studying "the 
connexion of the motions and magnitude of the orbs," to 
which Copernicus had thus drawn the attention of Ihe as- 
tronomera, detected the lawa of this connexion, and prepar- 
ed the way for the discovery, by Newton, of the mechanical 
laws and causes of such motions. Kepler was a roan of 
strong and lively piety ; and the exhortation which he ad- 
dresBea to his render before entering on the exposition ot 
some of hia discoveries, may be quoted not only for its ear- 
nestness but its reasonableness also. "I beseech my rea- 
der, that rot unmindful of the divine goodness bestowed 
on man, he do with me praise and celebrate the wisdom and 
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peaWiBsa of tha Orealor, which I open to him from a ip.ore 
inwardexplicationof the Ibrm of [he world, from a search* 
ing of cauaes, from a deloccion of [he errora of viaion; EUid 
tbu thus, nolonly in the firmneaa and aubilily of ths uuth 
he pemeivB with gratitude the preservation of aJI living 
tilings ia nalure as the ^ft of Coff, but also ttiat in ila mo- 
lion, ao recondite, Bo aiimirabte, he acknowledge the wiadom 
of the Creator. But him who is too dull to receive this 
science, or too weak to believe the Copernican ayaiem, with- 
out harm to his piety, him, I say, I advise that, leaving the 
scliool of aatronomy, and condemning, if ha pleaae, any lioc- 
trincs ofthe philosophers, he follow his own path, and desist 
.V,,- j._; — .J 1, .1,, .._; — ..gg^ j^iiJ liftmg up 

out from hia own heait in praise of God the Creator : being 
certain that he gives no less worship to Giod than the astro- 
nomer, to whom Giod has given to see more clearly with his 
hivard eye, end who, for what hshashimaelf discovered, 
both can and will glorify God." 

The next great step in our ttnowledsa of the universe, the 
discovery of the mechanical causes by which its motions 
are produced, and of their laws, has in modem limes some- 
times bean supposed, both by the friends of religion and by 
Others, to be unfavourable to the impression of an intelli- 
gent lirsl cause. That such a suppoaiiion is founded in er- 
ror we have oflered what appear 10 us insurmountable 
reasons for believing. That m the mind of the great disco- 
verer of this mechanical cajise, Newton, Ha impression ot 
a creating and presiding Deity was confirmed, not ahaten, 

perfluous to insist upon the fact. His views of the tendency 
of aoiencB invBsted it with no dangers of this kind. " The 
business of natural philosophy is,'' he says, (Optics, ftu. 
23,) "to argue from phenomena without feignit^ hypothe- 
ses, and to deduce eauae from effects, till we come to the very 
firat cause, which is certainly not mechanical." "Though 
ever^ true step made in thia philosophy brings us not im- 
mediately to the knowledge ol the first cause, jel it brings 
us nearer to it, and is on that account highly to be vaiuedT" 
The Scholium, or note, which concludes his great work, 
the Principia, ia a well known and most slriltii^ evidence 
on tills point. "This beautifU system of sun, planets, and 
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but aa the lord of the univerae. He is not only Grod, bul 
Lord or Governor. Wb know him only by his properties 
and atlribaies, by the wiBeand admirable structure of things 
around us, and by Iheir final causes; wo admire him on ao 
count of his perfections, we venerate and worship him on 
account of lus govenunent." 

Without mating any further quotations, it must be evi- 
dent to the reader that the auceession of great philoBophera 
through whom mankind have been led to the knowledge of 
thagreatest of aoienlific truths, the law of universal gravi- 
taiioii, did, for Iheir parts, see the truths which they disclos- 
ed to men in such a light that their religious feelings, their 
reference of the world to an inlell^ent Creator and Preser- 
ver, their admiration of his attriiiuies, were exalted rather 
than impaired by the insight which they obtained into the 

Havmg shown this with regard to tha most perfect por- 
tion of human knowledge, ourTtnowledge of the motions of 
the solar system, we shall adduce a Tew other passages, 
illustrating the prevalence of the same fact in other depart- 



expenmental science ; although, ft 
havs already been intimated, wp conceive 
experiment do not conduct bo obviously as sciences of ob- 



intimaied, ii 

jnductaooh 

the impression of a Divine Legislator of ths 



The science of flvdrostatios was constructed in a great 
measure by the founilers of the sister science of Mechanics. 
Of those who were employed in experimentally establishing 
ths principles peculiarly belonging to the doctrine of fluids, 



el myself BulHcientiy 
t such kiiowledge without JesuB Christ 
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is uBeless and ateril." It is obvious thai such a atMe of 
minJ would prevent this writer from encouraging or dwell, 
itjg upon the grounds of natural religion', vfhileyethehim- 
erff is an eiample of that which we wish to illustrale, that 
those who have obtained the funheal insight inio nalure, 
have been in all ages firm believers iu God. "Nature," 
he aaya in Huolliet place, "has perfections in otdar to ^om 
that Ehe is the image of Ood, and de&cts iti order to show 
that she is only hia ioiage.'"' 

Boyle vnis not only a most pious man as well as a great 
philoicqiher, but he ererted himaelt very oflen and eajnestly 
m his vnitiHgs to show the beating of his natural philoso- 
phy upon his views of the Divina attributes, and of the go- 
vernment of the world. Many of these diaseruitionB convey 
trains of thought and reasoning which have never been sur- 
passed far llieur cotnbhiation of judicious sobriety in not 
pressing his arguraenls loo fiir, with fervent devotion in his 
conueptions of the Divine natura. As examjples of theae 
merits,, we might adduce alniost any portion othis tracts on 
these subieciBj for instance, his "Inquiry into the Final 
Causes of JVatural Thingsi" his "Free Inquiry into the 
Vulgar Notion of Nalure ;" hia Christian Virtuoso ;" and his 
esaay entitled "The High Veneration Man's Intellect owes 
to God." it would be superfluous to quote at any length 
from these worta. We may observe, however, that he no- 
lli»3 that general fact which we are at present employed in 
exeniphfymg, that "in almost all ages and countries the 
genarality of philosophers and contemplative men were per- 
suaded of the enistence of a Deity from the consideration o( 
the phenomena of the universe i whose fabric and conduct 
they rationally concluded could nm justly be ascribed either 

-- -' 10 any o^er cause than a Divine Being." 

:ing of the religious uses of science, he says ; 

.^.. .. am willing to grant that sortie impreasions of 

God's wisdom are so conspicuous that even a superficial 
philosopher may thence inier that the au^or of such worlcs 
must be a wise agent ; yet how wise an agent he haa in 
these works expressed himself to he, none but an experi- 
menlal philoaopher can well discern. And 'tis not by a 
Elight survey, but a diligent and skilful scrutiny, of the 



XS 
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wotka of God, thai a man must be, by a rational and affee 
tive convictioa, oi^Bged to acknowledge lliat Jiie author of 

After the mechanical ptopertiea of fluids, the laws oflhe 
operation of the chemical and the phjBicsI propertLea of the 
elemeiita about us, offer tliemselves to our notice. Tlie rela- 
tions of heat imd of moisture in particular, which play ao 
important a part, aa we have seen, in the economy of our 
world, have been the aubject of variona reaearchesj and 
they have led to the views of the operation of such agents, 
some of which we havo endeavoured to present to ths 
i-eader, and to point out the remarkable arrangementa by 
which their beneQcial operation ia carried on. That the 
diacovarers of the lawfl by which such operations are 
regulated, v/ere not inaenaibla to the persuasion of a Di- 
vine uare and contrivance which those arrangements sug- 
gest, is what we should expect, ia in agreement with what 
we have already said, and it ia what ws find. Among 
the nameaof the philosophers to whom we owe our know- 

of Black, the discoverer of the laws M latent heat, and 
Dalton, who first gave us a true view of the mode in which 
watery vapour exiats and Operates in the atmosphere. With 
regard to the former of tlieae philosophers, ws shall quote 
Dr. Thompson'aacoount of the views which the laws of la- 
tent heat suggested to the discoverer.* " Dr. Black quickly 
perceived the vast Imparlance of this discovery, and took a 
pleasure in laying before his students a view of ths benefi- 
cial etfecte of this habituds of heat in the economy of na- 
ture. During ths summer season a vast niagazins of heat 
js accumulated in the water, which by gradually emerging 
during congelation serves to temper the cold of winter, 
V^ere it not for this accumulation of heat in water and nthpr 
bodies, the sun would no sooner go n few degrees u 



south of the equator 


than WB shouB ieel all the horrors 


In the aama spirit 
ing out the laws wh 
imd rain,f which he 


are Mr. Dalton's reflectiona, after poi; 
ich regulate the balance of evaporati 
himself first clearly explained. "It 


■ Thomson' 


■s Hist of Chemistry, vol. f. 3SL 
em. vol, T t- 34B. 
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Such impreeBions appear Ihua lo riae iireeiEtibly in the 
breasts of men, when they obtain a siglil, for the first time, 
of the varied play and comprehensive connexions of the 
lawB by which the buEiiiesa of the material world ia carried 
on and ita oocurrencea brought to pasa. To dwell upon oc 
develope Buch refiectioiiB is not here our businees. Their 
general prevalence in the minds of those to vhom these ^st 
views of new truths are granted, has been, we trusi, euf- 
Hciently illualraled Nor are the names adduced above, 
distinguished as they are, broi^ht forwards as auiliotilies 
merely. We do not claim for llie greatest diacoverers in ths 
realms of science any immunity fii)m error, in their gerie- 
r&l opinions they may, as others may, judge or reason ill, 
The anicles of their religious belief may be as easily and aa 
widely as of other men's, imperfect, perverted, uuproliiable. 
Bat on this ooe point, Ihe tendency of our advances in sci- 
entific knowledgfe of the universe to lead us up to a belief in 

that they who make these advances, and who feel, as an 
origmal impression, that which others feel only by receiv- 
ing their teaching, must be looked to with a peculiar atten- 
tion and respect. And what their impressiona have com- 
monly been, we have thus endeavoured to show. 



CHAPTER VI. 

On DedjictiTie Habile ! or, imi/ie ImpTeseion produced on 
Men^sMinds by tTOcing ihecoiissqv^itcea of asfxrttiiiKd 
Lavis. 

The opbiion illustrated in the last chapter, that the aj~ 

them the reality of the Divine gove'rnment of the worli^ 

Q 
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202 HELieiOUE VIEWS. 

has often been controverted, Coiaplainla have been 
made, and especially of late years, that the growth of piety 
haa not always been commensurate with ihe growth of 
Imowledge, in the mindis of those who make nature their 
study. Views of an irreligious cbararacter have been en- 
tertained, it is Bometimes said, by persona eminently well 
instructed in all the discoveries of modem times, no less 
than by the superlicial and ignorant. Those who have been 
supposed to deny or lo doubt tile esialence, the providence, 
the attributea of Ood, have in many cases been men of 
conaiderable eminence and celebrity for their allamments in 
ecience. The opinion that this is the ease, appeara to be 
extensively difi'uaed, and Ib^ persuaaion haa probably often 

eoduced uiquietude and grief in the breasts of pioua and 
nevolant men 

This opinion, concemmg the want of religious convicliona 
among those who have made natural philoaophy their lead- 
ing pursuit, has probably gone far beyond the limits of the 
real iiiot. But if we allow that there are any strong cases 
to countenance such an opinion, it may be worth our while 
to consider how far they admit of any satlsfeotory eiplana- 
lion. Ths (act appears at first sight to be at vanance -with 
the view we have given of the impression produced by sci- 
entific discovery ; aid it is moreover always a matter of un- 
easiness and regret, to have men of eminent talents and 
knowledge opposed to doctrines which we consider as im- 
portant truths. 

"' ■""" "' ' " * such cases, if they 

jirious and important 
1 by which our phy- 
liscovery of new ga- 
... . 3, and the developement of these truths when 

once obtained, are two opetauona extremely different ; im- 
ply different mental habits, and may easily bs aasociated 
with diffirent views and convictions on points cot of the 
reach of soisnlifto demonstration. There would therefore 
be nothing surprising, or inconsistent with what w 



E to learn from others these 



dligence and 
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ahoulJ have no clearness of oonviclion or security from er 
lor on ihis subject, beyond what belongs to peraons of an; 

Tills will, perhaps, bacoma somewhat more evident b; 
considering a little more closely the distinction of the tw' 

ipohen above, and toe tendency which the habitual proaaeu 
<4on of them may be expected to produce in the thoughts tun 

We have already endeavoured maome measure to iesctib 

ervered, A number of facta in which, before, order ani 
connexion did not appear ca ail, or appeared b^ partial am 
contradictory glimpses, are brought mto a pomt of view i 
Vhich order and connexion become their essential charac 
ter. It is seen that each &ct is but a different manifesia 
tion of the same principle i thai each particular is thai whici 

. is decyphered i the enigma is guessed ; the principle is un 
dersUMd ; the truth is enunciated. 

When this step is once made, it becomes possible to de 
duee from the truth thua established, strain of conse^uencei 



. ,.__., jseniblage 

focis, has been termed Induction ; the truths so obtained a 
Uieir consequsncaB constitute the results of the Indueli 



MupMcations. 

is really advanced consist m the sucoeaaive steps of the in- 
ductile ascent m the discoverv of newlawa perpetually 
more and more general ; by far the greater pari of our books 
of physical science unavoidably consists in deducHoe rea- 
aonrng, exhibiting the consequences and applications of the 
laws which haveljeen discovered i and the greater part of 
writers upon science havetlieir minds employed in this pro- 
cess of deduction and application. 
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justly, as diBiinguished and profound philoagphers. In tile 
luecnraiical philosophy, tliBl ecience which applies the pro 
perlieB of matter and the laws of motion to the espienation 
of the phenomena of the world, thia IE peculiarly the esse. 
The laws, when once discovered, occupy little room inlheir 
state ment, and when no longer contested, ate not felt to need 
a lengthened proof. But iheir consequencea require far 
more room and far more intellectual labour. If we lake, for 
example, the laws of motion and the law of universalgravi- 
talion, we can expresi in a few line^ that which, when de- 
veloped, represents and explains an innumerable mass of 
natural phenomena. But here the course of developement 
ia necessarily ao long, the reasoning contains ao many steps, 

lined, the complication of cases and of conaequences is 
eo TB£t, and even the involution arisme from the properties 
of space and number so serious, that the most cansummale 
subtlety, the moat active invention, the most tenacioua power 
of inference, thewideatspicilof eombination, must be tasked 
and tasked severely, in order to solve the proulems which 
belong to this potion of science. And the persona who have 
been employed on these problems, and who have brought 
to them the h%h and admirable qualities whkh such an of- 
fice requires, nave justly excited in a very eminent degree 
the admiration which mankmd feel for great intellectual 
powers. Their names occupy a distinguished place in lite- 
rary history; and probably there are no scientific reputa- 
tions of liie last century fiigher, and none mors merited, 
thsji those earned by the great raathemWicians who have 
laboured with such wonderful success in unfolding the me- 
chanism of the heavens i such for instance as D'Alemberl, 
Clairaull, Euler, Lagrange, Laplace. 

But it is still important to recollect, that the mental 
employments of men, while they aro occupied in this por- 
tion of the task of the formation of science, are altogether 
different from that which talies place in the mind of a dis- 
coverer, who, for the first time, seizes the principle which 
connects phenomena before uneiplained, and thus adds an- 
other original truth lo our knowledge of Uib universe. In 
explaining, as the mathematicians just mentioned have 
aUine, the phenomena of the solar system by means of the 
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iraal gravitalio 
I Kaiiy includi 



SOB 



w'lieh [hey 
■ " I. 



, ncluded 
whatever Hkit] and aagBfiny Lt might squire to deveJope and 
eslricttle them frum tSe general principle. Bui when Kew- 
ton oonceived and esiabliahed the Jaw iteelf, he added to our 
knowledee somethir^ which was not contained in any truth 
previoualy known, nor deducible from any courae ol mera 
reasoning. And the SEimedislinuioD, in all other caseSj ob- 
tains, between tlieae proceases mhich ealablish the pnnei- 
ples, generally few ojid eimple, on which our sciences rest, 
and Uioae reaaoninES and calculationa. Founded on the prin- 
ciplea thus obtained, which conalitute by tar the larger por- 
tion of the common treatisea an the moat complete of the 

Since the difference ia aoffreat between the procesa of in- 
ductiva generalization of pnyeical feota, and that of ma- 
thematical deduction of consequences, it is not surprising 
that the two proceaaea ahould imply different mental powers 
and habits. However rare the mathematical talent, in its 
higheat excellence, may be, it ie fat more common, if we are 
to judge from the history of science, than the geniua which 
divines the general law of nature, Ws have several good 
mathematicians in evet7 age; wehavegreatdiscoverera in 

original discovery and derive 

BBcent to priticiplcB and the iieinioi.i .mu. i.jcui, we nam 
tiirtherto observs, that the habitual and exclusive prosecu- 
Uon erf the latter ptoceaa may sometimea excrcisB an unfa- 
vourable effect on the mind of the student, and may maka 
him iese fitted and ready to apprehend and accept truths 
different from tfioae with which his reaaoninga are concern- 
ed. We conceive, for example, that a person labours under 
gross error, wlio believes the phenomena of tlie world to be 
' r produced by mechanical caua^ g--i— :.- ._ 
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20e REUSIOW VIEWS. 

The peraon whoas mind is employed in reducing to iaw 
and order and intelligible cause the complei facia of the ma- 
terial world, is compelled M look beyond Iheureaenl slate of 
his knowledge, and to turn hiB thoughts to the existence of 

Erinoiples higher than Uiose which he yet possesses. He 
as Beeu ocoaaions when &eta that at first aeemed incohe- 
rent and anomalous, wars reduced to rule and connexion ; 
and when limited rules were diacovared to be inoluded in 
some rule of aupenor generality. Be knows that all facts 
and appearances, all parlial laws, however contused and ca- 
sual they at present seem, must slill, in reality, have thia 
kind of bearing and dependence i— must be bound together 
by some undiscovered principle of order ; — must proceed 
from same cause working by moat sleady rules ; — must be 
included in some wide and fruitful general truth. He can- 
not therefore consider any principles which he has already 
obtained, aa the ultimate and sufhcient reason of that which 
he sees. There must be some higher principle, some ulte- 
rior reason. The efibrt and struggle by which he endea- 

3ie very imperfection of the light in which he worts his 
way, sn^ests to him that there must be a scttrce of dearer 

We must allow that it is scarcely possible to describe in a 

thus produced upon the mind by the efforts which it malies lo 

will still be allowed that there is no ditficully in seeing clearly 
that a dilferent influence may result from this process and 
from the process of deductive reasoning which forms tile 



nt of the r 



persona are not led by their pursuits to any thing beyond the 
general principles, which form the baeia of their explanations 
and applioationB. They acquiesce in these i they make these 
their uliunalB grounds of truth ; and they are entirely em - 
ployed in unfolding ihepartictdar truths which are involved 
m the general truto. Their thoughta dwell little upon the 
possibility of the laws of nature being other than we find 
them lo be, or on the reasons why they are not so; and still 
less on tliose facts and phenomena which philosopliera have 
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not yet reduced to any rale; whicharelawlessto us, though 
we know Ilial, in reality, ib^y are eoveraed by sotne prinni- 
ple of order and harmony. On tne contrary, by aBsuming 
perpetually the existing laws aa tiie basis of their reason- 
inc, without questioner doubt, and by employing such Ian- 
^aeetbat these laws can be expressed in the simplest and 
briefest form, they are led la thinlt and believe as if these 
law9 were neceeeariiy and inevitably what tbeyare. Some 
mathematicians indeed have mauitained tluit the highest laws 
of nature with which we are acquainted, the laws of motion 
and the law of universal gravitation, ate not only necessaril;^ 
trae, but are even self-evident and certaina prion, like the 
truths of geometry. And though tlie mathematical cul- 
tivator of the science of mechanics may not adopt this as 
his speculative opinion, he may still be so fiir influenced by 
the tendency from which it springs, as to rest in the mecha- 
nical laws of the universe aa ultimate and all-sufiieient prin- 
ciples, without seeing in them any evidence of their having 
been selected and ordained, Mid thus without ascending 
from the world to the thought of an Intelligent Ruler. He 
may thus substitute for the Deity certain axioms and first 
principles, aa the cause of all. And the follower of New- 
ton may run into the error with whioh he is sometimes 
chafed, of thrusting some mechanic cause into the place 
of Gfod, if he do not raise hia views, as his master lUd, to 
some higher cause, to some source of all farces, laws, and 
principles. 

When, therefore, we consider the mathematicians who 
are employed in saccesafully ai " 



Hil^cted, tb 



in the knowledge 



itained before : they are only unfol 
iog the consequences, which were already virtually in our 
possession, tecause they were implied in principles already 
discovered : — they are adding to our knowledge of ettect^ 
but not to our knowledge of causes : — they aie not making 
any advance in Oial progress of which Newton spoke, and 
in which be made so vast a stride, in which "every step 
made briiigs us nearer to the knowledge of the flrst causci 
and ie on that accounthighly to be valued." And as in this 
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acl™iice they have no peculiar privileges or advonlages, 

to be wondered oi, Ihsu ihoae of cDmmon men ; and need na 
little dieliirbordiBtreEBUB,aa if those who eommitled them 
heji oon^ned thetuseWea to the study of arithmetio or of ge- 
onueUy. If we cen console and tranquillize ourselves con- 
eemiog the defective or perverted Tiewi of religious [ruth 
onlertHtned by any of our fellow men, we need find no addi- 
tional difficulty in doing so when those who are misUJien 
ore great mathematicians, who have added to the riches and 
elegance of the mechanical philosophy. And if we are seek- 
ing for Bxiraneous grounds of trust and conifott on this euh- 
jecl, we may find them in the reflection ; — thai, whatevet 
may be the opinions of those who assume the causes and laws 
of that philosophy and reason from them, the views of Ihosa 
admirahleand ever-honoured men who first caught eight of 
these laws and causes, irnpreaaed thevt wiUi the beliS that 
this is "the fabric of a great and good God;" that "it is 

ajid llmt all this beautiful system must be referred to " a 
first cause, which is certainly not meeheiiieal," 

2. Wb may thus, with the greatest propriety, deny to the 
meohBjiicBl(5iil(»ophers and mathematieiaiisrarecent times 
any authority with regard to Iheu views of the administra- 
tion of the univetBe; we have no reason whatever to expect 
from their speculationa any help, when we attempt to 
ascend to the .first cause and supreme ruler of the universe. 



ject of speculatTon. Persoiis whose thoughts are thus en- 
Iffeiy occupied in deduction are apt to forget that this is, af- 
ter all, only one employment of the reason among; more ; 
only one mode of arriving at truth, needing to have its defi- 
ciencies completed by another. Deductive reasoners those 
■who cultivate science, of whatever kind, by m f m 

ihematical and logical processee alone, may acq 
aggerated feelmg of the amount and value of th I bo rs 
Such employment, from the clearness of the n tj n 
voiced in them the irresistible concatenation f h 
■which they unfold, the subtlety which they req re d 
their entire succesa in that which they attempt, p se a 
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peculiar ^cination for the iutetlect. Those who pursue 
■uch studies have generally a oonlempi and impalienee 
of the pretensiona of ail those other ponbns of our know- 
ledge, where from the nature of the case, or the amaJl pro- 
pose kindof reasoning seema lo be adapted. Nowifthia 
fceling be carried so far as to make the reader suppose that 
thesQ mathematical and logical proceaseg can lead him to 
all the knowledge and all the certainty which we need, it ia 
clearly a delueive feeling. For it ia coofeeeed on all handa, 
that all which mathematics or whicli logic can do, ia to de- 
velope and OKUraec those truthe, as conduaioiiB, which were 
in reality involved in the principlea on which our reasonings 
proceeded.* And this being allowed, we cannot but ask 
how we obteuu theae priuci^esl from what other sourFe of 
knowledge we derive the original truths which wa thus pur- 
sue into detain aince it is manifest that such prmciples 
caimat ba derived from the proper stores of mathematics or 
li^ic. These methods can generate no new truth ; and all 
the grounds and elements of the knowledge which, through 
them, \re can acquire, must necessarily come from some 

niBtician and the logician must derive from acHne process 

our knowledge, whether physical or melaphjaical, physio- 
logic^ or moral. This process, by whjcli we acquire our 
first prinoiplee, (without pretending hers to analyae it,) is 
obviously the genemi course of human experience, and the 
UBlural exercise o£ the understanding ; our intercourse with 
matter and with men, and the consequent growth m our 
mmds of convictions and conceptions such as our reason 
can deal with, either by her systematic or unsyaiernatic 
methods of procedure. Supplies from this vast and inex- 
BBof original tr'' ""'"" '" " 

whether mathematical or 



es8aofrH3aaninE'"'~M^<i'ef^'s Logic, p. 233. 
(iservallon bera qiwied la strtoily applicable. 
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It knowledge, in which w 



now on Ihese all the rest depend bftbe rules of arL If the 
malhematician is repelled fi'om speculations on morals or 
politics, on the beautiful or (he right, because the reasonings 
which they involre have not mathenmttoal precision and 
he will remain deutituie of much of the niosE 



la knowledge which man can acqi 
13 to mend the ------- '- '-- 



ir by givh 



tolerably 



aiid a phraseology boc- 
f complete physical sci- 



ences which exiet, it will be found that he is compelled to 
distort and damage the most important truths, so &a to de- 
prive them of their (rue shape end import, in order to force 
them into their places mthis artificial system. 

If therefore, as we have said, the mathematical philoso- 
pher dweUs in his own bright and pleasant land of deductive 
reasoning, till he turna with disgust Irom all the s^cula- 
'■— a, neceaaaiily leas -' -■ 1--;— 1 — l i.:„ 



immon men, liable to miss 
Che road to truths of extreme consequence. 

This is BO obviouB, that charges are frequently brought 
against the study of mathematics, as unfitting men for those 

and feelings, upon the unsystematic exercise ol 
^is^anding with regard to eommau relations and 
occurrencea. Booaparteobaerved of Laplace, when 

S laced in a public oBice of considerable importance, 
d not discharge it in so judicious and clear sighted 
r as hia high inlellectufti fame mightier-' ' — 



tit lead moat peT" 



e method of infinitely 
It remplaee par Lpplaee, 
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•mail quantitieB," by which the njalhematician solvee hia 
more abBtruse pioLlems. And the complniDt that malhe' 
maticol Btudiee make men maeneihle to moral evidence and 
10 poeiicaJ beautiee, is bo often repested as to shuw that 
some opposition of tendency is commonly perceived between 

and those ptoeasses whieh go on in our minda when moral 
character or imaginative beauty is the subject of our con- 
teroplation. 

Thus, while we acknowledge all the beauty and all the 
value of the malhemmical rcBsonings by which the conae- 
quencea of our general laws are deduced, we may yet con- 
aider it possible that a philosopher, whose mind has been 
mainly employed, and his intellectual haljits determined, 
by this proccsA of deduction, may possess, in a feeble and im' 
perfect decree only, some or those faculties by which truth is 
attained, and especially those truths which regard our re- 
lation to that mind, the origin of atl law, the source of first 
principles, which must be immeasurably elevated above all 
derivative truths. Itwould, therefore, be farfrom surprismg, 
if diece should be found, among the great authors of llie 
developements of the mechanical philosophy, some who had 
refused to reler the phenomena of the universe to a supreme 
mind^ purpose^ axii wilU And though this world be, to a 
believer in the Being and KOvemraenl of God, a mailer of 
sorrow and pain, it need not excite more surprise than if the 
same were true of a person of the most ordinary endow* 
ments, when it is recollectcdin what a diEproportionste man- 
been cultivated. And our apprehensions rf injury to man- 
kind from the infiuence of auch examples will diminish, 
when we consider, that those m ' 

the truths which others apply, tl 
looked upwards as well as downv 

ciplea, have never rested in this 
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(rine ( but have perpewally loofcad forwanla, beyond mere 
matflrial laws anil caiiaea, lo a FitaiCauaa of the moral and 
material world, lo whichaach advance in philosophy might 
'irlng them nearer, though it rauel ever remain indefinilely 



here represent as the poaaibla i , . 

fectioDof the mathematical habiu of the mind, but the defi- 
ciency of the habit of apprehending truth of other kindg ; — 
not a. clear insight into the malheiuaiical consequenceE of 
principlee, btit a want of a clear view of the imture and 
foundation of principleB; — not the talent for generalizing 
geomelrisal or mechanical relatione, but ihe tendency lo 
erect such reJatiooa into ultimats truths and efficient oauaea. 
The moat consummate mathematical skill may accompany 
and be amriliary lo the moat eameet piety, as it ofLan has 
been. And an entire command of the conceptions and pro- 
cesses of mathematics is not only consistent with, but is the 

portant step in the discovery of physical principles. Newton 
was eminent above Ihs philoBophers of his tio^e, in no one 
talent so much as in the power of mathematical deduction. 
Whan lie had caught sight of the law of universal gravita- 
tion, he traceil it to its consequsnces with a rapidity, a dex- 
terity, a beauty of mathematical reasoning which no other 
parson could approach ; so that on this account, it there 
had been no other, the establishment of the general law was 
passible to him atone. He still stands ac ll^ head of mathe- 
maticians as well OS of philosophical discoverers. But ic 
never appeared lo him, as it may have appeared lo some 
mathematicians who have employed themselves on his dis- 
coveries, that the general law was an ulumote and sufficient 
principle: that the point KT which he had hung his chain of 
deduction was the highest point in the universe. Ijagrange, 
a modern mathematician of transcendent genius, was in the 
habit of saying, it ' ' 
Newton wEis forti. 



mself appeal 
Mem he had 



law, and the forces of other physics 
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togy with those ofgrarily, and declared that ail these were 
but atepa in our advEince towatda a firsi cause. Between 
us and ihia first cause, the source of the univerae end of its 
laws, we cannot douM that there intervene many BUOceasivB 
Bteps of possible discoverj" and generalization, not less wide 
and Blritinff than the discoverji of universal grarilationi 
but it is Blill more certain that oo extent or Buccess of phy- 



CHAPTER VII. 



We have pointed out a great number of instances whefe 
the mode ia whichthearmn^mentsof nature produce their 
effect, BUg^sts. as we conceive, the belief that this eifeot ia 
la be considered as the End and purpose of these arrange- 
ments. The impression which thus arises, tif design and 

reality of FHnal Caiuee, operates on men's minds so gene- 
rally, and increases so constantly on every additional ex- 
amination of the phenomena of the universe, that we cannot 
but suppose such a belief to have a deep and stable founda- 
tion. And we conceive that in several of the comparatively 
tew caaee in which such a belief has been rejected, Iha 
averseness to it has arisen from the influence of some ot the 
causes mentioned in the last chapter ; the eitclnsive pur- 
suit, namely, of particular trains and modes of reasonmg, 
.!., .1 !_Jl 1 ipabic of forming tlir ■■— 



L..^ i..<3 (^..E. >i^..'J which are Te>{uisite for the appre- 
oflruths not included among its usual subjects of 



and making 
hension oft 

1. This seems to be the case with those who maintain 
that purpose and design cannot be injbrred or deduced from 
tile arrangements which we see around us by any process of 
reasoning. We can reason fiom efl'ectstocaiises, say such 
writers, only in cases where we know something ol the na- 
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tute of (lie oauae. We can infer from tlie worka of men, 
the eiiatenoe of desten and purpoee, beoauee we know, from 
past observation, what kind of works human deeign and 

work of God, cannot be compared with any corresponding 
work, or judged of by any nnalogy with known exatoplea. 
How then can we, m Ihis case, iliey ssk, infer design and 
purpose in the artist of tlie nniversel On nhal prinoiples, 
on what ajtioma, can we proceed, wliich shall include this 
neceasariiy singular instance, and thus give legitimacy and 
validity to our reasonings 1 

What haa already been said on the subject of the two 
different procesaea by which we obtain principles, and by 
which we reason from Ifiem, will suggest ihs reply to these 
questions. When we collect design and purpose from the 
arrangements of the universe, we 3o not arrive at our con- 
clusion by a train of deductive reasoning, but by the convic- 
tion which such combinations as ws perceive immediately 
and directly impress upon the mind. "DBaign nioBt have 
had a designer." But such a principle can be of no avail 
to one whom the contemplation or the description of the 
world does not impress with the perception of deaign. It is 
not, therefore, at the end, but at the beginning of our syllo- 
gisms, not among remote conclusions, Dut among original 
principles, that we must place the truth, that such arrange- 
ments, manifestations, and proceedings as we behold about 
ua imply a Being endowed with consciousneaa, design, and 
will, from whom they proceed. 

This is inevitably the mode in which Buch a conviction is 
acquired ; and that it is so, we may the more readily be- 
lieve, when we consider that it is the case with the design 

exist in God. - ■ 



perhaps be tempted to say, that we infer deei 
from the works of man in one case, because we hi 



have known 

But to this we must reply, by asking how 
"-"'■ -'-- "'" ^-'— -^dpur- 



we come to know the eiialence of human 
pose atfirat, and al att? What we see around lis are ce 
lain appearancea, things, aucceasiona of events j how eon 
we ever to ascribe to other men the thought and will 
which we are conscious ourselves 7 How do we come 
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believe tbM there are other men 1 How are we ied to elevate, 
in our eoneeptions, some of the oftJBrfs which we perceive 
into persoTiB? No doubt their actions, their worda induce 
ue 10 do this. We see that ths maitifeetationa which we 
observe must bs bo understood, and no otherwise. VVe feel 
that such actions, Buoh events must be connected by eon- 

tions of tilings, but of persons! net necessary and without 
Bignifica.nce, like the falling of a stone, but voluntary Bad 
with purpose like what we do ourselves. But this is not a 
result ot reasoning : we do not infer this from any similar 
case which we have known ; since we are now speaking of 
thafirat conception of a will and purpose different from our 
own. In arrivii^ at such knowledge, we are aided only 
by otir own consciousneas ot what thought, purpose, will, 
BIS : and possessing this regulativa principle, we so deci- 
pher and interpret Uie complex appearances -which surround 
ua, that we receive irresistibly the persuasion of the exist- 
ence of other men, with thought and will and purpose lilte 
our own. And just in the same manner, wbsn we ejcamina 
Bltenlively Ihs adjustment of the parts of the human frame 
to each otner and to the elements, the relation of the proper- 
ties of the earth to those of its inhabitants, or of the phy- 

cling to our pereeplions, however little it be encouraged, that 
this ayatein, everywhere so full of wonderful combinations, 
■uiled to the preservation, and well being of living creatures, 
isalaotheespressionof the mtention, wisdom, and goodness 
of a personal creator and governor. 

We conceive then that it ia so &r from being an unsatis- 
factory or unphiloaophical process by which we collect the 
existence of a Deity from the worl6 oi creation, that ths 
process corresponds most closely with that on which resls 
the most Bteadmst of out convictions, neH to that of our own 
existence, the belief of the existence of other human beings. 
It any one ever went so far in scepticism as to doubt the ex- 
istence of any other person than himself he might, so far 
as the argument from final causes is concerned, reject the 
being of God as well as that of man ; but without dwelling 
on the poesihility of such fantasies, when we consider how 
impossible it is for men in general not to attribute person 
ality, purpose, thought, will to each other, in virtue of cer. 
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em mo6t coiisietent and reaaonable in altribut 
pBraonalily and purpose to God, in virtue of the 
^BeiubLago of appearances and ootions which con- 



J, may be difterer 
habit of directing their thou ghls on the subject; but such a 
belief is undoubtedly capable of becoming lively and stead- 
fast in the hwhesi degree. It has been entertained and cfie- 
rished by enlightened and well regulated minds in all ages j 
and has been, at least since the rise of ChriBliEuiity, not only 
the belief, but a pervading and ruling principle of action of 
many men, and of whole communities. The idea may be 
rendered more faint by turning the mmd away from it, and 
perhaps by indulging too excliisiTely in abstiact and gene- 
ral speculations. It grows stronger by an actual study of 
the details of the creation; and, as regards the practical 
consequences of such a belief, by a habit of referring our 
Hclions and hopes to Buch a Governor. In this way it is ca^ 
pable of becoming as reed and £xcd an impression as that 

by observing the course of men's feelings and actions, tends 
to convince us, that thiabelief of the being and presence and 
government of God, leads to the moat elevated and beneficial 
frame of raind of which man is capable. 

' " n natural and almost inevitable is this persuaaion 



of the reality of the Pinal Oausei 

[ha perBonality of the Deity, we may gather by observing 

how constantly it recurs to the thoughts, even of those wht), 



'e been described, have repelled and 



gather by observing 

- -veno/ those wh- 

intal discipline i 



S3 where our ignorance k 



listaks. "Let u 
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Oie bounds of its knowledge. 'I'hese causeB, -whic 
ton removed toihe limits oTlhe solar ayalem, were 
ago 



ich New- 



m of the ig 



philosopher, nothing more than the expression of the igno- 
rance ia wl^ich we ate of the real causes. 

We miy observe that we have endeavoured to give a 
very different, and, as we believe, a far truer view of the 
effect which philosophy has produced on our linowledge of 
final causes. We have shown, wa trust, that the notion of 
design and end is iransfetred by the lesearchea of science, 
not from the domain of our knovrledES to that of our igno- 
rance, but merely from the region of facts to thai of laws. 
We hold that, in this form, final cuses in the atmosphere 
are still to be conceived to obtain, no less than in on earlier 
state of meleotoli^oal knowledge i and that Newton was 
right, when he believed that he had eslataliBhed their reality 
in the solar system, not e^tpelled them from il. 

But our iHore peculiar business at present is to observe 
that Laplace himself, in describing the arrangements by 
which the stability of the solar system is secured, uses lan- 
guage which shows how irresistibly these arransemenla 

his expressions we were to aubstitute the Deity for the ab- 
Eiraotion "nature" which he employs, his reflection would 
coincide with that which the most religious philosopher 
would enlertam. " It seems that ' God' has ordered every 
thing in the heavens to ensure the duration of the planetary 
system, by nieics similar to those which He appears U> us 
so admirably to follow upon the earth, lor the prf-servation 
of animals and the perpetuity of the species."* This con- 
sideration alone would explain the disposition of the system, 
if it were not the business of the geometer to go further." 
It may be pcssibls for the geometer to go further ; but he 
must be strangely blinded by his peculiar pursuits, if, when 
he has discovered tile mode in which these views are an- 
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K himself lo have obtained a pri 
at all It would be aa if tlis 
I at Ihe sleady workinc of Ihe el 



■a e^tplnined 
which those personB engage, 



who attempt to throw off the impression of 
creation, appears in an amusing manner through 
plicily of the ancient Eoman poet of diis school. L 
maintains tiiat the eye was not made tor seeing, no 
for hearing. Bui the terms in which he reoomme 
doctrine show how hard he knew it lo be for men i 
tain such an opinion. His advice is, — 

1 ad n his rebus viUum vehementer cl istnm, 



Thnkno be visual orbs, so oleot, soMghl, 
W re umish'd for tbe purposes of sighL 

Undoubtedly the f^ is 

ment" caution and vieilan. ^.._ _ ^ 

to avoid the " vice and error" of such a persuasion. The 
study of the adaptations of the human frame is BO convincing, 
that It carries the mind with ii, in spite of the reaistance eag- 
gesled by speculative systems. Cabanis, a modem FrencTi 
physiological writer of great eminence, may be aeiected as a 
proof of this. Both by tne general character of his own spe- 
culations, and by the tone of thinking prevalent around 
him, the consideration of design in the works of nature was 
abhorrent from his plan. A«oordiiu;ly he joins in repeating 
Bacon's unfavourable mention of fmal causes. Tel when 
he comes to apeak of the lawsof ceproductioa of the human 
race, he appears to feel himself compelled to admit the irre- 
sistible manner in which such views force themselves on 
the mind. "I re^rd," he says, "with the Keat Bacon, 



where acknowledged tiiat it was very difficult for the m 
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the opinion here referred to by Cabanie, of the propriety ot 
excluding the consideration of final causes from our natural 
pfailoeophy. The great authority of Bacon is usually ad- 
duced on liia subjeel. "The handling of final oauBee,"aayB 
he, "mixed with the reat in phyBJCBl inquiries, halh iuier- 
cepted the Beiersand diligent inquirj- of all real and phy- 
sical cauBCB, and given men the occasion to May upon tliese 
Hatisfectory and specious causes to the great arrest and pre- 
judice of farther diflcovery.'t 

A moment's oilenlion will show how well this represent- 
ation agrees with that which we have urged, and how fni 
it is from dissuading the reference to final cB,usea in reason 
ings like those on whbti we are employed. Final causes 
are to be exc1uded,/rani pkysicai inqmTy; that is, we are 
not to assume that we know llie objects of the Creator's de- 
sign, and put this assumed purpose in the place of a phy- 

the clouds that they are lor watering the eartii, (to take 
Bacon's examples,) or "thai the solidness of the earth is for 
the station and mansion of living creatures." The phyBical 
philosopher has it for his business to trace clouds to iha 
tawBofevaporationand condensation; to determine the mag- 
nitude and mode of actbn of the forces of cohesion and cry- 
is, making no use of the notion of Unal 
causes : and it is precisely because he has thus established 
his theories independently of any assumption of an end, that 
the end, when after all, it returns upon him and caiinol be 
evaded, becomes an irresistible evidence of an intelligent le- 
gislator. Be finds that the effects, of which the use is ob- 
vious are produced by most simple and comprehensire 
laws ; and when he has obtained this view, he is struck by 
the beauty of the means, by the refined and skilfiil manner 
in which the useful effects are brought about ; — points dif- 
ferent from those to which his researches were directed. 
We have already seen, in the very case of which we hav« 

' Bapports du Phtslqnc ot du Moral de I'Home, 1. 399. 



jn by which t 
, This he do 
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a (peaking, namely, ihe laws iiy wWch the clouds «i 
ned and totribuLe tlieir showers " " 



^r the earth, li 
rangemenis there er 



Btrongly those who have moBt closely and extensively exa- 
' "' " there employed (as Howarfi, Dal- 



ton, and Black) hE 

beauty which these contrivances manifest. 

We may find afurtheraaaertiooof this view of tJie proper 
UHc of final causes in philoeopiiy, by referring to Ihe works 
of one of the greatest of our philoBophers, and one of Uts 

Eubjeci, "I am by all means," says he, " for encouraging 
tha contemplation of the celestial part of the world, and the 
shirung globes Ihat adorn it, and especially the sun end 
moon, in order to raise our admiration of the stupendous 
power and wisdom of him who was able to frame such im- 
mense bodies ; and notwithstanding their vast built and 
BParce conceivable rapidity, keep them for so many ages 
. — . i,„.t .J, jijg )|„gj jji^ degrees of ''■-■ '"" — ■'- 



interfering with oi 


le another. And doubllesE 


1 we ought 


turn thanks and p 


raises to the divine goodnt 


issforhSv- 




and moon, and determin 


ed the for- 


, or else the earth! 


move in particular lines f 


or the good 



nariea had moved after a different manner, i dare not, how- 
were made solely for the use of man ; much leai preiniTne 
to prove 03ie system ^f the world to be true ana anoilur 
false ; because the former is belter filed to the amveiU- 
ejice of mankind, or the other less suited, or perhaps altti- 
gethtr vseless to thai end." 

This passage exhibits, we conceive, that combination of 
feelings which ought to mark the character of Che religious 
natural philosopher j an earnest piety ready to draw nutri- 
ment from Iho contemplation of established physical truths j 
i'oined with a philosophical caution, which is not seduced 
ly the anticipation of such contemplations, to pervert the 

rupu- 
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obtainecl by its proper prooeeses and methods, witl. our view* 
of Glod, the masler of Iha umTerse, Ihrough those Irwb and 
relations which are thus placed beyond dispute. 

Bocon'a compEirisoti oftinal causes to tbe veslHl virgins 
is one of those poignant sayings, so trequenl in his writings, 
which it is not easy to forget. "Like them," he says, 
"they are dedicated to God, and are barren." But to any 
one who TBDids his worlc it will uppear in what spirit this 

and worthy to be inquired, being kept within their own pro- 
vince." (Of the Advancement a! Laarnine, b. ii. p. 143.) 
If hs liad hiuH occasion to develope his simile, full of latent 
meaning as his similea so often are, he would probably have 
said, that to these final causes barrenness was no repreaoh, 
seeing thay ought to be, not the mothers but the daughters 
of our natural sciences j and ttiat they were barren, not by 
imparfeotion of their nature, but in order that they might be 
kept pure and undefiled, and so fit ministeTB in tiie lenipls of 



CHAPTER VJlf. 

On the Physical Agency of the Deity. 

1. We are not to eipeot that physical mveatigalion can 
enable us to conceive the manner in which God acts upon 
the members of the universe. The question, "Canst tliou 
by searching find out God t" must silence the boastinga of 
science as well as the repinings of adversity. Indeed, sci- 
ence shows uB, far more clearly than the conceptions ot 
every day reason, at what an immeasurable distance we ara 
from any faculty of conceiving Aoid the universe, material 
and moral, is the work of the Deity. But with regard to 
the material world, we can at least go so far as this ( — wa 
can perceive that events are brought about, not by insolated 
inlerpositionaofdivine power exerted in each particular case, 
but 6y the establishment of general laws. Tills, which ii 

10 search out these laws, is also the view which, througlfr 
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22J HBLIOCOUfl VIEWS. 

out this work, we have endeavouied 10 keep preeenl to the 
mind of the reader. We have ailempted to ahow thnt it 
combines itself most readily and harHROniouely with the doc- 
trinea of Natural Theology ; and the argumenis for those 
doctiineaars strengthened, the dilScuUiee which ajlect them 
removed, by keeping it sieadily before ub. We conceive, 
therefore, that the religious philosopher will do well to bear 
this conception ia his mind. God is Iheauthor and governor 
of the universe through the law9 which he has given to ila 
parts, the properties which he haa mipressed upon ita con- 
Btituent elements ; these laws and properties are, as we have 
already aaid, the instruments with wliich he works : Ibe in- 
Btitution of such lawa, the selection of the quantities which 
they mvolve, their combination and anplioation, are the 
modes in which he exerts and manifests fi^a power, his wis- 
dom, hia goodness ; through these allributea, thus eiercised, 
the Creator of all, shapes, movee, sustains, and guides the 

This haa been the view of the relation of the Deity to the 
universe entertained by the moat sagacious and comprehen- 
sive minds ever since the true object of natural philosophy 
liasbeendearly and steadily apprehended. The great writei 
who was the firat to give philosophers a distinct and coni- 
nmndmg view of this object, thus expresses himself in his 
"Confession of Faith;" "1 believe— that notwithstanding 
Ood hiith rested and ceased from creating since the lirst 
Bs.hh=ih. vpt. neyertheiess, he doth aecompKah and fulfil his 
dl things, great and small, singular and i 



iM by 
)Ming nature, 
loiter hesi- 



tate to place among (he worthiest disciples of the school of 
Bacon, convoys the same thought in the following passaee : 
"The Divine Author of the universe cannot he supposed to 
have laid down particular laws, enumerating all individual 
contingeticies, which bis materials have understood and 
obey— this would be to allribtite to hun the imperfections of 
human legislation; — but rather by creating them endued 
with certain fised qualities and cowers, he has impressed 
them in their origin with the apint, not the letter of his law. 
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linHtions and relalJMM 
nsequenoee of this lirsl inipreaaion."* 
2. This, whjcti thusappeara to be Ihe mode of the Deity's 
Operation iu tbe miiterial worlds recguires BOme aUentioD OQ 
our part in order to understand it vilh proper dearnesia. 
One reeson of this ia, tlial it is a mode of operation altoge- 
tlier diAerent from that in wtiich we are able to make mat- 
ter fulfil our deeigt^s. Man can conatruct exquiEite nut- 
chinea, can call in vast powers, can form eitenaive combi- 
nations, in order to bring about results wbtch he has in 
Tiew. But in all Ihia he is only taltirg advantage of laws 
of nature which already exist ; ho is applying to hie use 
qualities which tnalter already posaesses. Nor can he by 
any effort do more. He can establish no now law of na- 
ture which is not a result of the eiiBting or 
matter with no new propertiea which art 
of its present attributes. His greatest advances in skill and 
power are made when he calls to his aid forces which before 
e:ciaied unemployed, or when he diecoTers so much of the 
habits of eome of the elements as to be able to bend them to 
his purpose. He navigates the ocean by Ihe asBiatance of 
the winda which ha cannot raiae or still : and even if wa 
suppose him able to control the course of these, his yet un- 
BUh] uga ted m' """■"" '^' — ^'^'* — ^^^-. j—^- u-. „-.sj.,:.,™ 
thefr oharaeti 



panaion, new lawa of motion. But the Divine operatione, 

take in the establishment of the laws of the elemente, as 
well as the combination of these laws and the determma- 
tion of the dialribulion aiid quantity of the materiala on 
which they shall ^oduce their effect. We muai conceive 
that the Supreme Power has ordained that air shall be ra- 
refied, and water turned into vapour, by heat ; no loss than 
that he has combined air and water so as to sprinltle Ihe 
earth with showers, and determined the quantity of heat and 
air and water, so that the ehovrers shall be as beneficial as 

We may and must, therefore, in our conceptions of ihe 

•Uerathci on the Studj of Nat Pllil. Art 28. 
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it oonl^eive the Deity, n .. .^ 

natractin^ Ihs most refined and vast ma^tiinery, vith 
h, aa we nave already seen, the universe is fiUad; but 
we must also imagine him bs establishing those properties 
by which such maohiuery ia possible : as giving to the ma- 
terials of his structure the qualitiea by which the nmlerisd 
la flttej to its use. There is much to ha found, in natural 
objects, of the same Jtind of contrivance which is common 
to these and to human invenlbna ; there are mechanical de- 
vices, operaliona of the atmospheric elements, chemical 
processes ; — many such have been pointed oui^ many more 
exist. IS ut besides these casesof the combination of means, 
which we seem able to understand wiihoutmuch difficulty, 
we are lad to consider the Divine Being aa to autlun- of 
tke laws of chemical, of physical, and of mechanical action, 
and of such other ikwa as make matter what it is; — and 
this is a view which no analogy of human inventions, no 
knowledge of human powers at all asaista us to embody or 
understand. Science, therefore, as we have said, while it 
discloses to us the mode of inairumenlality employed by ih 

Deity, convioof "- "--■'— r .1,- ™ 

possibility of CO 

auch as we have described 
n all plaCBBi affect every 

J. ;e of the universe, and involve every relation of its 

parta. Wherever these laws appear, wa have a manifesta- 
tion of (he intelligeuce bywhichtliey wareesiabHahed. But 
a law auppoeea an agent, and a power; for it is the mode 
according to which the agent proceeds, the order according 
lo which the power acta. Without the presence of such an 
agent, of such a power, conscious of the relations on which 
the law depends, producing the eftocta which the law pre- 
scribes, the law can have no otEcacy, no existence. Renca 
we inter that the intelligence by which the law is ordained, 
the power by which it is put in action, muet be present at all 
times and in all places vrliere the efTeots of the law occur; 
that thus the Irnowledge and the agency of the Divine Be- 



ing pervada every portion of the universe, producing al 

— ■■ ■" -laaaion, all permanence and change. The Iaw» 

re the laws which he, in his wisdom, preacrilnm 
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(mndilion of any course of eveole, his universal BgeDcy the 
onJy origin of any efficient force. 

Tnia view of the jrelalion of the univeree to God has been 
entertained by many of the moat eminent of those who have 
cambined the consideration of the material world with tlie 
conleniplation of God himself, it may therefore be of use 

find this idea remarkably dwelt upon in the worka of that 
writer whoae religioua viewa must always have a peculiar 
interest for the cultivatora of physical soienee, the great 
Newton. 

Thus, in the observations on the nature of the Deity with 
which hecloaeethe "Oplicks," he declares the various por- 
tions of the world, organic and inorganic, "can be the effect 
of nothing else than the wisdom and elEdl of a powerful ever 
living Ageat, who being in all places, ia nioro able by his 
wiU CO move the bodiea within his boundless uniform sbtho- 
rium, and thereby to form and reform the parts of the uni- 
verse, than we are by our will to move the parts of our own 
bodies." Anil in the Scholium at the end of the " Prmcipia," 
he says, " Glod is one and the same God always andevery 
where. He is omnipresenl, not by means of his mrlue 
alone, but also by his substaiu^ !or virtue cannot subsist 
without substance. In him nil thinga are contained, and 
move, but without mutual passion i God is not acted upon 
by motions of the bodies ; and they suffer no resistance 
from the omnipresence of God." And he refers to severtd 
passages confirmalory of this view, not only in the Scrip- 
turea.Tiut also b writers who hand down to ua the opinions 
of some of the most philosophical thinkers of the pagan 
world. He does not diadain to quote the poets, and among 
the r^t, Iha verses of Virgil ; 

PrlncipJo ciBium no terras campoaque liqnenles 
Luoentamiiue globnm lun», TUanianue aatra, 
Splrflus inlus slit, tolamnua infosa per artus 
lueas Bgitat molom et magno ae enrpore miacet : 
warning his reader, however, against the doctrine which 
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Ctarke, ihe friend and disciple of Newton, is one of rhoee 
vho has moat Etrenuously put focwards liie opinioa of 
which we are Bpeaking, " All things which we commonly 
say are the effects of thenaVutal po were of matte! and laws 
of motion, are indeed (if we will speali sWictly and properJy,) 
the effeota of God's acting upon matter continually and at 
every moment, either immediately by himself or mediately 
by some created intelligent being. Conse(]uently there is 
no such thing as the course of nature, or the power of na- 
ture," independent of the effects produced by the will of 
God. 

Dugald Stewart has adopted and illustrated the same 
opinion, and quotes with admiration the well known passage 
of Pope, concerning the Divine Agency, which 

apf eaOs undiUdefl, operalcs unepenL'^ 

Mr, Stewart, with no leas reaaoiiabUness than charity, 
asaerte the propriety of mterpretuig such passages accord- 
ing to the scope and spirit of the reasonings witli which they 
are connected;* since, though by a captious reader they 
might be associated with erroneous views of the Deity, » 



when we dwell upon the omnipreaenee and universal ai 
livity of God. 

Finally, we may add that the same opinions still obtain 
the flBsentof the beat philosophers and divines of our time. 
Sir John Hersohel syre, (Discourse on the Study of Na- 
tural Philosophy, p. 37.) "We would no way be understood 
to deny the constant exercise of fi is direct power in main- 
taining the system of nature i or the ultimate emanation, of 
every enei^ which material agenls exert, from hie imme- 
atewill, Bctii^ in conformity with his own laws." And the 
Bishop of London, in a note to his " Sermon on the duty of 
combming religioue instruction with intellectual culture," 
observes, " the Bludent in natural philosophy will lind rest 
from all those perplexities which are occHBiooed by the ob- 
scurity of causation, in the supposition, which although it 
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WBS discredited by the patronogs of Mttllebranche and tho 
Curteaiana, has been adopted by Clarke and Dugald Stew- 
art, and which ia by tai the moat aimple and aubUnie ao- 

aJly taking ylaee in ttie different pB,rtB of the material imi- 
veiae, are the Immediale e&ecta of Ilia divine agency." 



CHAPTER IX. 

On ths Jmfu-esston prorfuceii by coneiaering the Nature 
and Prospects of Science ; or, on the InpossiMlity of 
the Progress qf aw Knowledge ecer eiuxbliag «s to 
cimiprehend the Nature qfthe Deity, 

w preaented in the last chap- 
uppoeeQ that- ' " " -^ - ^ -j 

le objects of the imiTOrse, umtitutine laws ton 
mtemplation of these relatione, and carrying th^e laws 

inception, in aome degree definite, of the Deity, anch as 
ktura! philosophy loads us to conceive him. But by tcst- 
. ig in tlita mode of conception, we shouid overlook, or at least 
should disconnect from our phitosophical doctrines, all that 
. :,. ic,.. !- .;,. .1, —of the Oreatr- 

!i object of our 

"" :'.ta! 

enoa and itie elevation of our nature in another stale of ex- 

We are very far from believing 

can give ua such aoauranoe of tE ^ 

tequiaile for our guidance and support i hut we think that 
Bvan out phyaical pliiloBophy will point out to ua the necaa- 
sity of proceeding far beyond that conception of God, which 
reFreaeniG him merely as the mind In which reaida all ths 
CMtrivanoe, law, and energy of the material world. We be- 
lieve that the view of ^e urdverse which modern acienw 
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has atreaily opened to us, compared with the prospect <it 
what she has still lo do in pucauing the path on which she 
has juat entered, will allow UB how immeasurably inade- 
quate such a mode of conception would be; and iliat it wa 
take into our aceouDt, as we must in reason do, ail that af 
whioh we have knowledge and ctmaciouaneBs, and of which 

eonriction that the Creator and Preserver of Ihe material 
world muflt also contain in him such properties and attri- 
butes as imply his moral character, and aa fall in moat oon- 

-■- ' ■-'■ -Ji that we learn in any other way of hiapro- 

■■ justice and mercy. 

1 have at present acquired any 
considerable degree of completeness, are those in which 
an extensive and varied collection of phenomena, and 
their proximate cauaea, have been reduced to a few sim- 
ple general laws. Such are Aatronoiny and Mechanics, 
and perhapa, so far aa its physical conditions are concerned, 
Optica. Other portions OS human knowledge can be consi- 
dered as perfect aoiencea, in any strict sense of the tarm, 
only when they have assumed this form j when the various 
appearances which they involve are reduced to a few prin- 
ciples, such as the laws of motion and the mechanical 
properties of the luminiferous ether. If we could trace the 
endlese varieties of the forms of crystala, and tlie compli- 
cated' tesulta of chemical composition, to some one compre- 
hensiVB law neceasarily pointing out the crystalline form ot 
any given chemical compound, mineralogy would become 
._ ..: — < — . .,._ cely boast 

iceot anv otnersucn sciences man in '■--'■ 

M first n 



laws of nature, we can subordinate to such a mode of ci 
eeption no portion of the creation, save the mechanical 
movemants of the univerae, and the propagation and pro- 
perties of lifht. 

2. And if -we attempt to argue concerning the nature of 
the laws and relations which govern those provinces of cre- 
ation whither our acienea has not yet reached, by applying 
»oma analogy borrowed from cases where it has been aiic- 
eessfiU, we have no chance of attaining any except the 
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man speculationa, ae well &e the i 

generalizatione which have been eetoblislied in one deparl- 

putpoae of Ihrovjiiig fight on Ihe other portions whioh etill 
conlinus in obeourily. When ths Newtonian philoeophy 
had explained so many mechanical focta, by the two great 
Btepe, — of leeoWing the actionoflhe whole mass into the ac- 
tions of its minutest particles, and considerina these parti- 
cles as centres of force, — attempts were naturally soon nude 
to apply the same mode of explanation to facta of other dif" 
ferent kinds. It was conceived that the whole of natural 
philosophy must consist in investigating the laws of force 
by which particles of diftetent substances atlraoted and re- 
pelled, and thus produced motions, or vibrations to and/rom 
the particles. Yet wiiat were the next great discovariea in 
physics! The action of a galvanic wire upon a magnet; 
which is not toaltract orrepelil, butlo turn ittothe j-^fti 
and T^/l; to produce motion, not to or from, but transseTte 
10 thelinedrawn to theaclingparticleaj and again, the un- 
dulatof J theory of light, in which it appeared that the un- 
dulations must not be longitudinal, as all philosophers fol- 
lowing the analogy of all cases previously conceived, had, 
at firai, suppoaed them to be, but tToraverse to the path of 
the ray. Here, though the atep from Ihe known to the un- 
known was comparatively small, when miide conjectursJly 
it was made in a direction very wide of the truth. How im- 

ception of a taw which shaJl help us to understand ihe 

3. SliU, however, in the £iwa of the luminiferous ether, 
and of the other fluid, (if it be another fluid,) by which gat 
vanism and magnetism are connected, we have something 
approaching neSly to mechanical action, and possibly, here- 
after to be identified with it- But we cannot turn to any 
other part of our nhyaioal linowledge, without perceiving 
that the gulf which separates it from the exact soienoea is 
yet wider and more obscura. Who ehaJl enunciate for us, 
and in rermsof what notion^ the general law of fAemtcal 
competition and decompoaitioni »<emetinies indeed we give 
tiie name of aUraotion to the affinity by which we suppo™ 
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Ilie pHrticles of the var: 



exact effeclB. He who shall discover the true gene: 
of the focces by which elements form oompoundB, w 
bably ailTance as fer beyond the discoveries of Ne« 



laws of the Creatorl 

4. But auppoaethia Sight pBrformed; — we are yet but at 
the outsat of the progress which must cajry us towards 
Him. We have yet to begin to learn all that we are to know 
concerning the ultimate laws of organized bodies. What 
i> the princi]ile of iift ? What is the rule of that action of 
whieh assimilation, secretion, developement. are manifesta- 
tionat and which appears to be farthor removed from mere 
chemistrythanchemielryiafronimechanics. And what again 
\B the new principle, as it seems to be, which is exhibited in 
tile irritalnliiy of an animal nervel The existence of a 
senael How diffierenl ia this from all the preceding no- 
tions! NoefFortacanavoidor conceal the vast but inscrutable 

oualy the possibility of tracing the phenomena of animal life 
to the influence of physical agents, have constantly been 
obliged to suppose a mode of agency altogether different from 
any yet known in physics. 'Aiua Lamarck, one of the most 
noted of such speculators, in describing- the course of his 
:a, say^ " I was soon persuaded that the internal 
' Ikuled a power which it waa necessary to 

subject, while he declares hia dissent from Stahl, and the 
earfier speculators, who had referred every thing in the 
economy of life to a single principle, which they called the 
anima, the vital principle, and bo forth, himself introduces 
■everai principles, or laws, all utterly foreign to the region of 
physios ; namely, OTgaitic sensibility, organic eontroxtilUi/, 
animal aB>uOiiStii,animalQontractilily, and the like. Sup- 
posing suoh principles really to exist, how far enlarged and 
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Being, acting by fixed lawa. --Yex without conceiving thii 
wa cannot coaceivelhe agsnoy of that Deity, who is inceu- 
BHJitty thus acting, in countless millions of forma and modea. 



mcomprehen Bible 1 Hie attributes as unfathomable 1 His 
power, hia wisdom, hts goodoeas, B.ppear in GEich of tho pro- 
vinces of nature vrhicli ore thus brought before us ; and 
in each, the mora we study them, the more impresaive, the 
more admirable do they appear. When then we find liiesa 
■qualities manifested in each of so many aucceasiva ways, 
and each manifsslaliDn rising above the preceding by un- 
known degreea, and through a progreaaion of unknown ex- 
tent, vHiat other language can we use concerning euch 
attributes thEin thai they are injiniie 7 What mode of expres- 
sion can the most cautious philosophy auggeal. other thEin 
that He, to wham we thua endeavour to approach, is inli- 
nUaly wise, powerful, and goodi 

B. But with sense and oonsoiouaness the history of living 
things only begina. They have instincts, attections, pas- 
sions, will EEiw entirely lost and bewildered do we find 
ourselves when we endeavour to conceive these faculties 
communicated by means of general laws 1 TecUievareso 
communicated from Qod, and of such laws be is the law- 
giver. At what an immeasurable interval is he thus placed 
above every thing which the creation of the inanimate world 
alone would imply ; and how far must he transcend all 
ideas founded on auch lawa aa we find there 1 

6. But WB have still to go further and far hi^er. The 
world of reason and of mortality is a part of the same crea- 
tbn, as the world of matter and of sense. The will of man 
ia Bwayed by rational motives j its workinga are inevitably 
compared with a rule of action ; he haa a conscience which 
speaits of right and wrong. These ara laws of man's na^ 
ture no less than the lawa of hia material existence, or his 
animal impulsea. Tet what entirely new coni^ptiona do 
they involve 7 How incapable of being reaolvad int(^ or na- 
Birailated ^ the results of mere matter, or mere sense ! Mo- 
ral good and evil, merit and demerit, virtue and depravity, 
ifaverthay are the subjects of strict science, must belong 
to a science which views these things not with reference to 
time or apace, or mechanical causa^n, not with reference to 
fluJd or ether, nervous irritability or corporeal feeling, bat lo 
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moroi world be uppteh 
cemplales Ihem at aJl. 

There can bs no wider intervid in philosophy than the 
Eeparalion which must eiial belnreen the laws of mecha- 
nical force Bad motion, and the laws of free moral action. 
Yet the tendency of men to assume, in the portions of hu- 
man knowledge which are out of their reach, a similaiity of 
type to those with which they are familiar, can leap over 
even this interval. Laplace has asserted that "an intelli- 
genee which, at a given inalai.t, should know all the forces 
by whiuh nature is urged, and the respective situation of 



aposed, if, n 
ncnta of the largest bodies of the universe and those of the 



„ nlly EomprehenaivB to subject thess da 

1, would include in the svae/ormvla, the n. 



rf the largest! 

„ .jtatom. TJotl ^ 
liganoe, and the future, no less than the past, would be pre- 
sent to its eyes." IfweBpealcmerely of mechanical actions, 
this may, perhaps, be assumed to be an admiasible repre- 
senlation of the nature of their connexion in the sight of the 
■upreme intelligence. Bui to the rest of what passes in the 
world, such language is altogether inapplicable. A/ormvIa 
IS a brief mode of denoting a rule of calculating m which 
numbers are to be used : and numerical measures are ap- 
plicable only to things of which the relation depend on time 
tuid space. By such elements, in such a mode, how are we 
to estunals happmess and virtue, thought and will 1 To 
speak of a formula with regard to such things, would be to 
assume that their laws must needs take the shape of those 
laws of the material world which our intellect most fully 
comprehends. A rnore absurd and unphilosophieal assump- 
tion we can hardly imagine. 

We conceive, therefore, that the laws hy which God go- 
verns his moral creatures, reside in his mind, invested with 
thotltind of generality, whatever it be, of which such laws 
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gelher difftrent from the ebstacler of thoae lav.-s which re- 
guliUe the maMrial world. The inevitable necessity of such 
a total difference is suggeeted by the analogy of all tha 
knowledge which ws poaaess and all the conceptions which 
we can rorm. And, accordingly, no pemonB, aacepl thoaa 
whose mmds have been biaased by soma peculiar habit or 
course ot thought, are liltely to run into the confusion and 
perplexity which nra produced by asaimilating loo closely 

rluction of trains of mechanical and physical phenomena, 
whatever manner vijuntary and moral a^ncy depend 
upon the Suprame Being, it must be in aome such way that 
they still continue to bear the ehB,racler of will, action, and 
moriJity. And, though loo exclusive an attention to male- 
rial phenomena may aametimea have made physical philo- 
sopherB blind lo thia manifest difference, it haEbaen clearly 
seen and plainly aaaerled oy those who have taken the moat 
comprehensive vieWB of the nature and tendency of science. 
"Ibelieve," says Bacon, in his Confaeaion of Faith, "that 
at the first the soul of man was not produced by heavan 
or earth, but was breathed immediately from God; so thai 
Ike i/tuys find proceedings of God icwi ^fitUs are not in- 
cludedinnal-aTe ; t/iatis inthe lotus of heaven and earths 
but are reserved to the law of his secret will and grace; 
wherein God worketh still, and resteth not from the work 
of redempiion, as hereatelii from the work of creation; but 
continueth wotlting lo the end of the world." We may ba 
jiermitted to obaerve hare, that, when Bacon has thus to apsak 
of Ood'a dealings with hu moial creatures, he does not laJce 
his phraseology from those sciences which can ofiar nosM 
hut falaa anddsusive analogies; but helps out the inevila- 
Wcannntinessof our human kn owl edgCj by words borrowed 
re ffned to supply our im|)erfections. Our 



natural speculations cannot carry us lo the ideas of " i 
and "redempiion;" but in the wide blank whicl 
leave, of all mat ooncerna our hopes of the Divme support 



imd favour, the mealimabte knowledge which revelatioj^ as 
we conceive, gives ua, finds ample room and appropriats 

7. Tel even in the view of our moral constitution which 
natural reason gives, we may trace laws that imply a per- 
■onid leJalion to our Crealor. How can we avoid consi- 
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dBrineiAat as a true view ot man's baine end place, wish- 
out which, his beat facultiea ars never fully developed, big 
nobleet energies never called out, hia higheet point of perfee- 
tioa never reached 1 Without the lliought of a God over all, 

to thoas higher regions of moral eicellenco which we knew 
bin] to be capable of ntlaining. "To deny a God," aeain 
eays the great philoaopher, "deatroya magnanimity and the 
ibingofTiumannalure; for take an example of a dog, and 
markwhatagenerosity and a courage he will put on, when 
he finds himself maintained by a man ; who, to him, is in- 
stead of a God, ormeiiornoturo; which courage le mani- 
festly such, as that creature, without that confidence of a 
better tmture than his own, could never attain. !So roan, 
when he realelh and assurelh himself upon divine protec- 
tion and favour, gathereth a force and lailh, which human 
nature could not obtain. Therefore, ae atheism is in all re- 
BpeetB hateful, ao in this, that ildeptiveth human nature of 
the means to exalt itself above human frailly."* 

ing, ia impreBaad upon our nature, aa the condition and 
means of ita highest moral advancement. And strange in- 
deed it would be if we should suppose, that in a system where 
al! besides indicates purpose and design, thia Jaw should 
proceed from no such origin ; and no less inconceivable, 
that such a law, purposely impressed upon man, to purify 
and elevate hia nature, should delude and deceive him, 

8. Nothing remains, therefore, but that the Creator, who, 
for purposes that even we can see to be wise and good, has 
irapresaed upon man this tendency to kok to him fcr sup- 
port, for advancement, for such happinesa aa is reconcilea- 

perfection, the highest point of all intellectual and mora! 
eicellence;— ia, in reality, sucha guardian and judge, such 
a good, and wise, and perfect Being, ai we thus irresistibly 
conceive him. It would indeed be extravagant to assert 
that the imagination of the creature, itself the work of 
God, can invent a higher point of goodness, of justice, of 
haliuen, than the Creator himself posseaaea : [hutheSler- 
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>t himself directed by the rules 
nolionB imply. 

Jl is diScuIl to dwell steadily on such thcughle. But 
Ihey will at lenst serva to coniinn the view which it wm 
our object lo illuBtrale [ uamely, how incomparably the na- 
ture of God muBt bs elevated above any oorceptiona which 
our natural reason enables us lo fonn ; and we have been 
led IB these reBectiooB, it will be recollected, by following ths 
clue of which science gave us the beginning. The Divine 
Mind must be coneeived by us as (he seal of those laws of na- 
ture which we have discovered. Itmust benolesaiheaeotof 
those laws which we have not yet discovered, though these 
may and must baof a character far diflerent from any thuig 
we con guees. Tlie Eupreme IntBlligenoe muet therefore con- 
tain the Jaws, each accontuig W Itieir true dependence, of 



u the purposes for which their re- 
Bponaible agency vms given them, it must include these 

responsibility implies, '' ' 

lenoe in various degree^, iu.u>,. wc.i ^cu,g .^i. a<.Du,.««,u w.u. 
right doing. All the laws which govern the moral world 
are expressions of the thought and intentions of our Su- 
preme Ruler. All the contrivances tor moral no less than 
Kr phy5iGB.l good, for the peace of mind, and other rewards 
of virtue, for the elevation and purification of individual 
character, for the civilization and refinement of stales, their 
advancement in intellect and virtue, for the diffueion of 
good, and the repression of evil ; all the blessings that wait 
on perseverance and energy in a good cause ; on unquench- 
able love of mankind, and unconquerable devotedness to 
tmth ; on purity and self-denial ; on faith, hope, and chari- 
ty; — all these tiiinga are indir^tions of the character, will, 
and future intentions of that God, of whom we have endetp 
voured to track the footsteps upon earth, and to show hii 
handiworli in the heavens. "This Ood is our God, for 
ever and ever." And itj in endeavouring to trace the ten 
denciea of the vast labyrinth of laws by which the univetw 
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eit right end greslast good, we yet lind no room 1o faint or 
blKT ; knowing tlict these are tlie darkest end most tangled 
leceases of our knowledge! thai into them soienoe has as 
yot east n[> ray of light; diat in them reason tura aa yet 
eauffbl Bight of no general law by which we may seourely 
hold: wIuIb, in those regions whera we can see clearly, 
wliers science ha^ thrown bar strongest iUumination upon 
the scheme of creation ; where we have hod diaplayed to 
ua the general laws which give rise to all multifarious va- 
riety of particular facia i — we find all full wisdom, and har- 
mony, and beauty; and all thiswise seleolion of means, this 
harmonious combination of laws, thia beautiful symmetry of 
relations, directed with no gicceplion which human inveati- 

Sion has yet discovered, to the preserva^n, the dilTusion, 
well being of those living things which, though of their 
nature WB knowso little, we cannot doubl to be the worthieal 
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